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FOOT FOR FOOT, 
POUND FOR POUND, 
IT OUTHAULS ANYT HING 
IN ITS CLASS. 


THE TOUGHEST COMPETITION 
WE HAVE IS OURSELVES. 

When it comes to hauling 
heavy loads, a Ford F-150 
pickup is in a class all by itself. 

ecause nothing in its class 
can compete with a tough Ford 
pickup in available maximum 
payload. 


automatic locking hubs on 
its 4x4. 

So if you're looking for a 
pickup with a bigger box plus 
more payload and more 
standard torque, there's only 
ер pickup worth considering. 


TRANSFERABLE 6/60 


LONGEST, DEEPEST POWERTRAIN WARRANTY. 
CARGO BOX. Covers you and future 
The Ford F-150 also has owners on major powertrain 
a longer, deeper box than components for 6 years/60,000 


anything in its class, a bigger 
standard Six with more torque 
than anyone else's and standard 


miles. Ask to see a copy of 
this limited warranty at your 
Ford Dealer. 


BEST-BUILT AMERICAN: TRUCKS. 
The best-built American <" 
trucks are built by Ford. This |, 

is based on an average of 

consumer- reporte problems 

in a series of surveys of all 

Ford and competitive ’81-’89 

models designed and built in 

North America. At Ford, 
“Quality is Job 1” 


BUILT FORD TOUGH 


«m» 
FORD PICKUPS 


Realistic -The First Name 
In Communications 


Quality Electronics 
At Low Prices, at the 
Radio Shack Near You 


Your nearby Radio Shack 
offers a big selection of exclusive 
Realistic equipment, including our 
10-meter mobile Ham transceiver, 
marine VHF two-way 

radio, shortwave 
receivers, CBs, 
J», scanners and 
easy-to-use 
Weatheradio® 
receivers. 


TFREALISTIC 


Backed by Service 


Radio Shack supports 
every Realistic product 
with friendly people 
and personal service 
at 7000 locations. 
Discover the big 
advantages of 
choosing America’s 
first name in 
communications—Realistic 
service, selection and quality! 
FREE 184-Page Catalog! Write: 
Radio Shack, Dept. 109-06 
300 One Tandy Center, 

Fort Worth, TX 76102 


Exclusively at Radio S haek 


The Technology Store” 


A DIVISION OF TANDY CORPORATION 


гаф systems, you'll work with the most spite technology in 
world, as a member of an Army compan; 

Which means you'll gain tl skills; it takes Nw 
get an edge on the high-tech job market. 

And you'll gain the confidence, 
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Clean-air fuels 


Alternative fuels—natural gas, 
ethanol, methanol, and electricity 
—are possible weapons to combat 
urban smog in the 1990s and be- 
yond. Methanol is the top candi- 
date, but how will a methanol- 
fueled car run, how much will it 
pollute, and where will the fuel 
come from? Page 47 


JANUARY 1990 
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digital 
In some cities, car-phone channels 
are as crowded as the highways. 
But with a digital system, cellu- 
lar service companies can com- 


press two or more voice signals 
onto a single channel. Page 52 


State-of-the- 
art houses 


Popu.ar Science presents three 
new designs, including: the Bow 
house, curved to the path of the 
winter sun; and the Ecology house, 
an energy-efficient system. Page 58 


Pocket 
memories 


The new hand-held organizers can 
communicate with larger comput- 
ers. With the Pocket Memory, you 
put the portable machine next to 
the big Electrodex, and the data 
—names, phone numbers—are 
transferred via infrared signals. 


Page 72 
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What's News 


Alternate fuels 


PoPULAR Science has been publishing 
articles about alternate fuels for auto- 
mobiles for decades. We have reported 
on alcohols as fuels, various gases, even 
electric and solar-powered cars. Tech- 
nology has pointed the way to these 
alternative fuels, but car makers, gov- 
ernment officials, and of course the oil 
industry have had little interest be- 
cause gasoline has been abundantly 
available and relatively cheap (aside 
for the brief crises in 1973 and 1978). 
The impetus to change over has not 
been seriously investigated up to now. 
And it is not the availability of gaso- 
linethat is driving the issue any longer, 
but the increasingly critical problems 
of pollution and global warming. Is 
there a substitute for gasoline that can 
alleviate these pressing problems? The 
answer is complicated because while 
proposed alternate fuels solve some of 
the problems of today's fuels, they may 
also create others. However, the Bush 
administration has decided that the 
country can no longer delay moving 
ahead on developing alternate fuels 
and has ordered a massive experiment 
that would see one million cars run- 
ning on fuel other than gasoline in the 
near future. What are the fuels that 
have the best chance to replace gaso- 
line? And how will they affect driving 
and the environment? Philip Ross's ar- 
ticle beginning on page 47 answers 
these and other compelling questions 
about the subject. 


CO, and climate 


One of the major products of car emis- 
sions that probably won't be eliminated 
by most of the alternate fuels discussed 
above is carbon dioxide, an inevitable 
byproduct of burning fuels that con- 
tain carbon. There's now a growing con- 
sensus among scientists that an in- 
creasing amount of CO; in the atmo- 
sphere is a major cause of global 
warming. A new study by scientists at 
the University of Chicago now seems 
to confirm this theory. Douglas Mac- 
Ayeal, professor of geophysical sciences 
at the university, says that carbon di- 
oxide warmed Earth sufficiently 9,000 
years ago to end the last ice age. Mac- 
Ayeal and a former student, Dean 
Lindstrom, now an assistant professor 
at the University of Illinois, Chicago, 
found this new evidence by creating 


| 


what is “probably the most accurate 
computer model available of the 
Earth’s ice system.” MacAyeal and 
Lindstrom tested the model for the past 
six years, using a Cray supercomputer 
at the National Center for Atmospheric 
Research in Boulder, Colo. The tests 
show that variations in СО» were 
enough to end the last ice age. There 
are other lessons from the work of the 
Illinois scientists. MacAyeal says that 
during Earth's ice ages, there were 190 
parts of CO; for every million in the 
atmosphere. Between the ice ages, CO; 
rose to about 290 parts per million. 
Now СО» has risen to 350 parts per mil- 
lion because of fossil-fuel burning. 
Asks MacAyeal: "If ice ages can be 
driven by a 50 percent increase in car- 
bon dioxide, what will happen if car- 
bon dioxide doubles from man's activ- 
ities over the next few decades?" 


Christmas-tree allergies 


If you find yourself suffering from al- 
lergy symptoms while reading this 
magazine, they may be caused by the 
Christmas tree in your home, says Dr. 
Timothy Sullivan, chief of the Division 
of Allergy and Immunology at the Uni- 
versity of Texas Southwestern Medi- 
cal Center at Dallas. Sullivan says the 
evergreens can aggravate your aller- 
gies. Trees bought from commercial 
lots may have mold or be treated with 
chemicals to improve their appearance. 
And if you happen to select a male 
mountain cedar tree for your Christ- 
mas decoration, during the winter 
months it can release pollen in your 
home. Sullivan claims these conditions 
can set off allergic reactions. 

What can you do to prevent runny 
noses and tearing? Washing the trees 
with a fungicide can eliminate most 
contaminates, Sullivan says. You can 
also tell the difference between male 
and female cedars because the female 
trees sprout blue berries. The male 
trees can be recognized by their brown- 
ish or golden hue during pollination. 


Oil-munching bugs 


Scientists at Brookhaven National 
Laboratory on Long Island, N.Y., have 
proposed that thermophilic microor- 
ganisms able to live in harsh oil reser- 
voir environments full of salts could 
enhance recovery of oils previously 


thought to be too difficult to bring to 
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THE OFFICIAL MILITARY ISSUE 
GENUINE LEATHER A-2 FLYING JACKET 


A Piece of American History. 

The A-2 Leather Flying Jacket is one of the most famous 
pieces of battle gear in history. During World War II, the 
brave pilots of the U.S. Army Air Forces relied on the A-2 for 
protection and comfort. Worn by the daring “Flying Tigers” 
who fought over China in their P-40 Warhawks. And Jimmy 
Doolittle's B-25 bomber squadron that hit Tokyo in a 
daring carrier-launched raid. Lightweight and com- 
fortable yet ‘‘tough as nails," the A-2 identified 
its wearer as one of an elite, brave breed of 
fighting men. 

Genuine Military Issue. 

Not a Commercial Reproduction. 

Cooper Sportswear was an original supplier 
of the A-2’s worn by America's World War II 
flying heroes. Now, after a 45-year retirement 
from active duty, the 
U.S. Air Force has 
recommissioned the 
A-2 and selected 
Cooper as the official 
Government contract 
manufacturer. Now, you 
can own the very same jacket 
issued to U.S. Air Force pilots. 
Not a reproduction — this is the genuine article! 


Proudly Made in the U.S.A. 

The Cooper A-2 is made in the U.S.A. using materials 
and production methods specified by the U.S. Air Force. 
Premium hand stitched goatskin ensures MADE IN 
ruggedness and great looks. Knitted cuffs and 4 
waist band and a spun cotton-blend lining = 
ensure draft-free comfort. Details include 
regulation snap-down collar, shoulder — 4 
epaulets, and roomy snap- close pockets. LIEN WX 
You'll also receive a certificate of authenticity stating that 
yours is an official U.S. Air Force A-2. Battle-proven and 
built for long life, the Cooper A-2 actually gets better- f Dy PER > 
КОШО wit: ags; The actual jacket supplied 

Payable in Convenient Montbly Installments. o IInited © oc Air Forro 

The Cooper A-2 Leather Flying Jacket can be yours for just to the United States Air Force 
$249*, payable in six convenient monthly installments 
of $42.75 charged to your credit card. Your satisfaction is 
guaranteed. If you are not completely delighted with your 
jacket, simply return it in original condition within 30 days 
for exchange or refund. Order today. Available in even *Plus $7.50 shipping/handling. 


6- 48 regular and long. (If you prefer an oversize: 
pic € order one size larger.) Phone orders shipped within 
-7 business days. 


© 1989 MBI 


MBI Flight Gear Satisfaction 
47 Richards Avenue Guaranteed 
Norwalk, Conn. 06857 
CALL TOLL-FREE: 1-800-367-4534 Name 
(PLEASE PRINT CLEARLY) 

Address 
Please send me____ Cooper A-2 Genuine Leather Flying Jackets. City/State/Zip 
Size (Even sizes 36 –48): —  . П Regular [O Long 

Signature = = 
Charge each of 6 installments of $42.75 * * to my credit card. SL OSE ыны oe 

0 Mastercard 0 УІЅА 0 American Express Olprefernottousea This One 


Enclosed is my chec 
handling, a total of : 
Credit Cards Exp. Date * * Applicable state sales tax, if ar 
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What's News се 


the surface. Light fluid oils have been 
tapped by wells up to now, but this has 
left more than 50 percent of the world's 
oil reserves in place. The use of steam 
and hot water has been useful in get- 
ting some of the heavy crude out of the 
ground, but the Brookhaven scientists 
say that thermophilic microbes produce 
natural emulsifying agents and metab- 
olize the oozy stuff to make it easier to 
recover. The microbes feed on carbon 
inthe oil. This makes the oil more sol- 
uble and easier to recover and proc- 
ess. The Brookhaven project is headed 
by chemist Eugene Premuzic. 


Manufacturing in space 


Georgia Institute of Technology re- 
searchers have proposed manufactur- 
ing parts in space for future space sta- 
tions. The Georgia Tech scientists say 
flexible resin-impregnated carbon-fiber 
material developed at their facility 
could be used to fashion space station 
components. Advantages of space man- 
ufacturing would include an increase 
of 70 percent in the packing density of 
construction materials needed in space. 
This would reduce the number of space 
shuttle trips required to carry the sup- 
plies. The researchers would use a sys- 
tem of inflatable balloons, containment 
bags, and solar heat, as well as the nat- 
ural vacuum of space to create the com- 
ponents. Dr. Jon Colton, an assistant 
professor of mechanical engineering, 
says, “We could form almost any size 
or shape of structure by weaving it 
properly, providing the appropriate con- 
straints around the outside, and inflat- 
ing it for consolidation." 


More ozone threats 


Dr. Autar K. Mattoo, a research leader 
at the US. Department of Agriculture's 
Plant Molecular Biology Laboratory in 
Beltsville, Md., claims the depletion of 
Earth’s ozone layer “could have an im- 
pact on plant efficiency that could even- 
tually affect crop yields worldwide.” 
The reason? Ultraviolet radiation nor- 
mally filtered by stratospheric ozone 
can degrade a plant protein called 
32kDa. The protein is vital to plant 
photosynthesis. In tests at the USDA 
lab, 32kDa in duckweed plants broke 
down after a mere 30 minutes of UV 
exposure. Mattoo says the protein can 
also be damaged in other plants, in- 
cluding grains. The reason this could 
be catastrophic to plants is that as 
32kDa is broken down, the plants pro- 
duce more of the protein to maintain 
photosynthesis. The plants can't grow 
without photosynthesis. As they use 
more energy to produce 32kDa, they 


have less for plant growth. The pur- 
pose of the research is to fight UV deg- 
radation in plants by studying how the 
protein reacts in ultraviolet-resistant 
plants. Some types of soybeans, for in- 
stance, are UV-resistant. “We need to 
study the traits that cause this resist- 
ance and see if we can exploit this 
knowledge for transferring resistance 
into other plants,” Mattoo says. 


Revolutionary laser 


A new high-power table-top-sized la- 
ser was recently tested by Lawrence 
Livermore National Laboratory re- 
searchers. They claim it could lead to 
anew understanding of the basic struc- 
ture of matter. The new laser produces 
light pulses with a peak power that ex- 
ceeds 2.5 trillion watts by compressing 
light into a short pulse lasting a mere 
picosecond, or a trillionth of a second. 
The project leader, Michael D. Perry, 
claims the resulting pulse is 10 times 
stronger than the field that binds 
electrons to atomic nuclei, and reveals 
new areas of physics for study. LLNL 
scientists compare the new laser with 
recent computer advances where small 
systems now are as powerful as ear- 
lier supercomputers. 

The new laser sits on a 10-by-20-foot 
table. It is not only compact but eco- 
nomical, costing about $500,000 and 
delivering its high-intensity pulses ev- 
ery 50 seconds at a cost of less than 10 
cents per pulse, much lower than cur- 
rent high-power laser systems. 


Plastic-home update 


From a distance, it may seem to be a 
simple two-story beige colonial. But 
more than 45,000 pounds of plastic and 
$10 million went into research and con- 
struction of the GE Plastics’ Living En- 
vironments Concept House in Pitts- 
field, Mass. [Cover Story, Aug.’88]. The 
recently unveiled house, which won't 
be open to the public, is a showcase 
and product laboratory to explore the 
use of engineering plastics in construc- 
tion markets for more-efficient build- 
ing. About one-third of the house is 
plastic. It can be found in the roof, win- 
dows, siding, plumbing, foundation, 
electrical and mechanical systems, and 
movable walls that enable quick rede- 
sign of the living space. A full report 
will appear soon. 
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Readers Talk Back 


d y. 


Recalling 1939 


In November 1939 my father drove to 
southern Ohio to show my brother and 
me the vehicle used by Rear Adm. 
Richard E. Byrd on his expedition to 
Antarctica and the South Pole, which 
you described in *Looking Back" [Nov. 
'89]. We photographed the vehicle 
(above), which was built in Ohio, driven 
to the Ohio River, and loaded on a ship 
bound for Antarctica. By the way, I was 
11 years old at the time! 

Stanley T. Schultz, Orange Park, Fla. 


Free or not too free? 


In “Viruses, Worms, Trojans, and 
Bombs" [Sept. '89], you said readers 
could “receive a free shareware copy 
of Flu-Shot+” from PC-SIG for $2 (the 
postage cost). Readers may not know 
the term "shareware": It's a method of 
marketing software that lets you try 
before you buy. After a certain time, 
users would have to pay a fee to keep 
Flu-Shot+. 
Barry Simon, president 
Assn. of Shareware Professionals 
Los Angeles, Calif. 


Old can be new 


The “One-Hand Clamp” [Aug. ’89] is 
a wonderful tool, but its mechanism is 
nothing new. The idea has been used 
for years in European caulking guns, 
which are available in some places 
here. 

T. Boie, Venice, Calif. 


Look closely at a caulking gun. What 
do you see? Exactly! Гуе been using 
and modifying mine for years. 

Dave Mulman, Monsey, N.Y. 


Address letters to Readers Talk Back, Pouta Science, 2 Park 
Ave., New York, N.Y. 10016. We reserve the right to edit for 
Space and clarity and cannot answer unpublished letters. 


In the ’50s, I was intrigued by my 1941 
Ford’s bumper jack. It had a smooth, 
round steel bar with two slotted plates 
that locked against it as the car was 
raised. I was amused to see the idea 
resurrected in “One-Hand Clamp.” The 
story says the clamp can drive a nail 
through a 2x4. It should be strong: Гуе 
jacked up my car with it! 

Dean S. Bird, Jacksonville, Fla. 


The mechanism in the Quick-Grip bar 
clamp is not new. Some caulking guns 
use a similar arrangement; so does the 
bumper jack in my mother-in-law's 
1971 Volkswagen. What is new is its 
application to a one-handed bar clamp. 
Many useful inventions are new com- 
binations of old elements. It is the act 
of selection that creates an invention, 
and provides new benefits to the public. 
—Joe Sorenson, Industrial Designer, 
American Tool Companies, De Witt, 
Neb. 


Dog days 


“Turbo to Go” [Aug. ’89] has eliminated 
any doubt that Carroll Shelby has sold 
the racing stable and opened a ken- 
nel. The CSX Turbo IV may have a 
great pedigree, but it’s a dog: 30 to 50 
mph in 14 seconds; 50 to 70 mph in 
9.1 seconds. No wonder you needed so- 
phisticated “G Whiz” instruments to 
tell it was moving! 

Michael Lee Hari, Paxton, Ill. 


It’s still better than the standard 
turbocharger. 


Water warning 


The Catamabike in “What’s New Rec- 
reation" [Oct. '89] is great: no more ped- 
aling in the boring basement or on dan- 
gerous streets. But the rider shown 
isn't wearing a life vest—something 
vital in any water sport (except 
swimming). 
Walter Gordon 
Linthicum, Md. 


The missing link 

In “Solar Heat with Perks” [July ’89], 
you said the Copper Cricket system is 
evacuated so the methanol solution 
boils at 65 degrees F. This is about the 
same temperature as incoming pota- 
ble water, and far from the typical 
120-degree setting for a water heater. 


How can 65-degree fluid transfer heat 
to water at or near 120 degrees? 
Don Valkema, Poway, Calif. 


Copper Cricket uses two tanks—some- 
thing that wasn't mentioned in the story. 
Hot water from a solar-heated tank 
feeds your water heater (set at 120 de- 
grees). In the morning, the solar tank 
is full of cold water. When it reaches 
about 65 degrees, the Copper Cricket 
begins heating the water in the solar 
tank. As you draw water from your hot- 
water tank, it is replaced by that from. 
the solar tank. When it's sunny, the 
solar-tank water may get so hot that 
your water heater never has to come on; 
on a rainy day, your water heater may 
do all the work.—Eldon Haines, Sage 
Advance Corp., Eugene, Ore. 


Maybe next year 


We are delighted that you covered the 
Residential Modeler computer program 
in the September 1989 issue [“Electron- 
ics Newsfront"]. However, at this time 
the Modeler (designed for use exclu- 
sively on the Apple Macintosh com- 
puter) is only available to installing 
dealers for our Acoustimass Built-In 
music system, and not to consumers 
as you indicated. We will keep you in- 

formed of future applications. 
Stan Shields, Bose Corp. 
Framingham, Mass. 


Is the right wrong? 


The “Electronics Newsfront” item Elec- 

tronic Fingerprinting [Oct. 89] says a 

right index finger is scanned by the 

print reader—but your photo shows the 
left index finger. 

Ann Р. Mahoney 

Charlotte, N.C. 


Fingermatrix, the maker, says that 
though the right index finger is usu- 
ally used, the unit detaches from the 
printer so that any finger could be com- 
fortably scanned. Why did the photo 
show the left index finger? If the right 
had been used, the hand and arm 
would have blocked a view of the rest 
of the unit.—Mariette DiChristina 


Correction: Furman Lumber, men- 
tioned in the “Best of What’s New” 
[Dec. '89], recently moved; its new ad- 
dress is: 32 Manning Rd., Billerica, 
Mass. 01821. 
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Def Leppard: 
Hysteria 00927 


Madonna: Like 
A Prayer 01029 


—— eee 


The ultimate in sound... 
The ultimate in savings... 


COMPACT DISCS, 


CASSETTES OR RECORDS 


FOR THE 


PRICE OF 
„With nothing 
more to buy ever! 


U2: Rattle & 
Hum 00596 


Richard Marx: Repeat 
‘Offender 01118 


Guns N' Ro: GN'R Li tience, | Eurythmics: We Too Are One «Don't Ask Ме 
Reckless Life, etc. Geffen 00808 | Why more. Arista 63954 
Roy Orbison: Mystery Girl • Іп The Real Too Short- City Of Dope FOR CD MEMBERS! SEE OTHER SIDE 
World, more. Virgin 00842 54041* 


Randy Travis: Old 8x10 - Honky Tonk Moon. 
Is It Sill Over? etc. Warner Bros, — 00008 


Tone-Lóc: Lóc-Ed After Dark • Wild Thing. 
Funky Cold Medina, etc. Delicious 01033 


Elvis Presley: The Complete Sun Sessions 
That's All Right, etc. RCA 72289 
Bobby McFerrin: Simple Pleasures « Don't 
Worry, Be Happy. etc. EMI 64165 
Ronnie Milsap: Stranger Things Have 
pened + Houston Solution, etc. ACA ON 
Simply Red: A New Flame • It's Only Love. 
Enough, etc. Elektra 01012 
Judy Collins: Sanity And Grace - Pretty 


Roxette: Look Sharp! * The Look, Cry, 
Dressed For Success, etc. EMI onos* 
Tom Petty: Full Moon 
Fever • Free Fallin’, etc. 
MCA 33911 
Melissa Etheridge · Don't 
You Need, Occasionally, etc. 
Island 60352 


Paul Shafter: Coast To Coast 
When The Radio Is On, Metal 
Beach, etc. Capitol 74050* 


Ла Abdul: Forever Your Girl,» Straight Up, 
tle smash, etc. Virgin 00933 


Бош! I! Soul: Keep On Movin’ - Title song 


Back To Life, etc. Virgin 14823* | Polly, etc. Gold Castle 01039 | Enya: Watermark > Orinoco 
on Henley: The End Of The innocence | Restless Heart: Big Dreams In А Small | Flow (Sail Away), others 
itie song, etc. Geffen 01064 | Town- Ekjorado, etc. RCA 24777 | Сейеп 01041 
lli Vanilli: Giri You Know It's True = Titie | Enuff Z'Nutf • New Thing, Fly High Michel Beethoven, Sym. No.9 


ong, etc. Arista etc. Atco 64257* | (Choral) - Norrington con. 


00467 


01048 
E.M.: Green • Orange Crush, Pop Song 89, 
Ic. Warner Bros. "06716 


еогде Strait: Beyond The Blue Neon 


с. Mercury 


ruel + Don't Be Cruel, 


рп Williams: One Good Well « Learn To Let 
io, etc. RCA 62406 
/DC: Back іп Black * You Shook Me Ай 
ight Long, Helis Bells, etc. Atlantic 13772 
ie Nicks: The Other Side Of The Mirror 
o Kinds Of Love, etc. Modern 70946 


Bruce Hornsby And The Range • Scenes 
From The Southside RCA 


Junkies: The Trinity Session 


The 


80187 


ducts. Angel Digital 
‘Sheena Easton: The Lover In Me - Days Like 
This, 101, etc. MCA 00708 


Samantha Fox: | Wanna Have Some 


Clint Black: Killing Time • A Better Man, 


itle hit, etc. MCA Digital 01025 | Sweet Jane, etc. RCA 01043 | Lyle Lovett And His Large Band + Stand By | Оез. RCA omnia 
'; Intuition + Tonight I'm Falling, Wisdom, | Major Glenn Miller & The Army Air Force | Your Man, etc. MCA/Curb. 100832 | Elton John: Strikes Back • Town О! 
01087* | Band 1943-44 + ACA Bluebird 14720 | INXS: Kick + Need You Tonight, Devil Inside, | Plenty, more. MCA Digital 00002 
lames Galway: Greatest Prince: Batman/Soundtrack | etc. Atlantic Digital 53606 | 10,000 Maniacs: Blind Man's Zoo Trouble 
its • The Pink Panther, etc. Batdance, Electric Chair, | Bon Jovi: Slippery When Wet - Never Say | Me. Headstrong, etc. Elektra 30236 
СА Digital 73233 Partyman, Trust, Vicki Wait- | Goodbye, etc. Mercury 43465 | Led lin IV (Runes) + Rock And Roll, 
inger · Headed For A ing, Scandalous, etc Karyn White» Superwoman, Love Saw It, etc. | Others. Atlantic 12014 
Seventeen. Warner Bros. 60344 | Warner Bros. 00832 | Crosby, Stills, Nash & Young: American 

у, 9 
90000 U2: The Joshua Tree + With Or Without You, | Dream Atlantic Digital 00714 
lobby Brown: Don't Ве more. Island. 53501 Highway 101: 101? - Setting Me Up, Desperate 


Road, etc. Warner 00475 


ил! Fun = | Only Wanna Be With You, etc. | "Big Chill"* Heard It Through The Grapevine, 
jon: Yo Frankie • King Of RCAJive 00676 etc. Motown. 33970 
е New York Streets, etc. Dirty Dancing/Original Motion Picture | The Duke Ellington Orchestra: Digital Duke 
€ ани ipod PRTA Soundtrack « RCA 82522 | GRP - Digital 63356 
е Judds: River Of Time + One Man : » 
отап, Young Love, etc. RCA 01027 рту panis ме In Concert + Hungry Айна Өй O Euphoria Айсы, 
ison: Up And Say...Ahh! + Good 
etc. CapitovEnigma 73989 
|y Marley And The Melody Makers: One -— os — — — — 
ight Day = Virgin. 54093 
p Million Dollar Memories • The Ever! A " 
others, others. Laurie 20 | YES, please my membership in the BMG Music Service and send me the four albums 


I've indicated here, billing me for just shipping and handling under the terms of this ad. | need buy 


just 1 hit at 
lave 


jular Club prices during the next year—after which | can choose a FREE album. And, if I 
off compact discs here, | can choose 2 more CDs Free! That's 8 CDs or 6 tapes or records 


і for the price of 1... with nothing more to buy ever! (Shipping & handling is added to each shipment.) 


SEND MY SELECTIONS lam most interested in 
pbert Palmer: Heavy Nova • Simply Ir- 1 C EASY LISTENING (Instrumental/ Vocal Moods) 
Боо etc EMI 00035 і ОМ (check one oniy) the musical category checked a [ ) 
here—but | 2 0 COUNTRY 30 HARDROCK 
haikovsky, 1812 Overture; • Chic. S C COMPACT DISCS** feel free to choose 
piti. more. London Digital 20179 і ai oem (check one опу 47 РОРЅОҒТ АОСК 5 С) CLASSICAL 
TWIN Double the music і ae ran 
SETS  Countasone! RUSH ME Lu 
THESE 4 HITS O Miss First Name Initial Last Name (PLEASE PRINT) 
Who: Who's Better, Who's Best * M) < і (Indicate by number): 
veration, etc. MCA 00790 = — Address Apt. 
tallica: ...And Justice For All » One, 2 
ened, elc. Elektra 00478 
Beach Boys: Endless Summer Good ey State t -———— — 
rations, etc. Capitol 23559 | 
b Sun Story « Elvis, Boy Orbison, Jerry Lee 
is, Johnny Cash, etc. Rhino 44534 Telephone ( D 
ih: A Show Of Hands - Marathon, Big pan. 
Bney, more. Mercury 
Years Of Jethro Tull - Aqualung, Wond ri і Signature 
pud. etc. Chrysalis 0081 **Members who select compact discs will be serviced by the BMG Compact Disc Club. Full membership details 
Evening With Louis Armstrong - Per- will follow, with the same 10-day, no obligation privilege. 
о, etc. GRP Cresc. 70106 і "Selectons marked (=) not available on record us | (8) | zaust (8) 
Limited to new members, continental U S.A опу Опе membership 
ction marked (+) not available on record. | per family. We reserve the right to request additional information or reject any application. Locai taxes if any. wil be 


The Traveling Wilbur 
Vol. 1 00711 


Enjoy Spectacular S 
ssettes Or Records! 


Jody Watley: Larger 
Than Life 01104 


COMPACT DISCS, 


CASSETTES OR RECORDS 


FOR THE 


PRICE OF 


..with nothing more to buy ever! 


Anita Baker: Giving You The Best That! Got 
Elektra 


Kathy Mattea: Willow in The Wind - К 
song, etc. Mercury 


Classic Marches * St. Louis/Slatkin, p 
others. RCA Digital 


Elvis Costello: Spike « Veronica, 
Town... etc. Warner 

The Police: Every Breath You mie me 
Singles - A&M 

Holst, The Planets - Montreal S; Mes 
Dutoit london рю м Кл 


Lr Im... 


“з 


Vixen: + Edge О! A Broken Heart, С; 
aioe ce еп Hear с, 
John Cougar Mellencamp: Bi Deo dd) 
Pop Singer, Martha Say, ete Mercury 80064 
Morton Downey Jr. Sings! + Oparte Ом 


ate, more. Compose/PPI 
Rick Astley: Hold Me In Your Arma + ome 
Nitty Gritty Es] Bend: More Great Dirt 


Number, etc. RC/ 

Latest hits! Warner Bros. 

New Order: Technique • Fine Time, "s The 
Way, etc. Qwest 

Dan Seals: Rage On + Big Wheels ЖЛ The 
Mooniign ete Captor 

Ое! Leppard: Pyromania + Photogra mae 
Rock! Rock!, etc. Mercury 


Barry Manilow: Greatest Hits, Vol. 1 
Mandy, Daybreak, etc. Arista 72663 
Kiri te Kanawa Sings Gershwin > Summer 
lime, more. Angel Digital 

Skid Row + Youth Gone Wild, | Pes 
You, etc. Atlantic. 01038 


Tesla: The Great Radio Controversy - 
Tough, etc. Geffen 


Tracy Chapman - Fast Car, Takin’ ‘Bout А 
Revolution, more. Elektra 


Lou Reed: New York Dirty Bivd., Haloween 
Parade, etc. Sire 01058 


White Lion: Big Game - Litle Fighter, Dirty 
Woman, etc. Atlantic. 


Anne Murray: As | Am - Flying On Your Own, 
eic. Capitol 00592 
38 Special: Rock & Roll Strategy - Second 
Chance, others. ААМ 00599 
Joe Sample: Spellbound - U Turn, tile song. 
ite. Warner Bros. е 
Phil Collins: Buster/Original Motion 
Picture Sdtrk. - Atlantic 00517 


Van Halen: OU812 - гове So Good, Cabo 
Wabo, etc. Warner Bros. 


Tho Replavemente: Don't А Soui- 1 Be 
You, etc. Sire 


Edie Brickell & New Bohemians: 
Rubber Bands At The Stars - Geffen. 


David Lanz: Cristofori's Dream • Free Fall, 
etc. Narada MCA 00853 


Jimmy Page: Outrider - Wasting My Time. 
The Only One, etc белеп 10 У 2372 
Шла Ford: Lita + Close My Eyes Forever 


Босне Long Cold Winter - AME ios 
more. Mercury 


14780 
Classic Rock. Vol. 1 > Ten original hits from 
Elton John, others. MCA 
Classic Rock, Vol. 2+ пани пост кама 
from Steely Dan, more. MCA 


Start with 


compact discs, cassettes 


or records for only 
plus shipping & handling with membershi 


Buy just 
Then get 


Enjoy 


BUSINESS REPLY MAIL 


FIRST CLASS PERMIT NO. 5071 INDIANAPOLIS, IN 


POSTAGE WILL BE PAID BY ADDRESSEE 


BMG MUSIC SERVICE 
PO. Box 91001 
INDIANAPOLIS IN 46209-9637 


Май 


smash hit іп one year's time. 


album of your choice. 


albums for the price of one. 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 
UNITED STATES 


PLUS 


FOR CD MEMBERS! 


HERE'S HOW YOU. SAVE! 


Start Now With 4 Compact Discs, Cassettes 


Records! You agree to buy just 1 more hit 
regular Club prices (usually $8.98-$9.98 
tapes or records, $14.98-$15.98 for comp 
discs)...and take up to one full year to do it. 
you can choose another hit FREE! And if you 
Selected CDs, Choose an additional 2 4 
FREE. That's 6 or records or 8 CDs for 
price of one there's nothing more to 


Whatsoever! You 
you wantit. It's all up to 


ery three weeks. It will feature the Main Select 

in your favorite music category, plus hundred} 

hits—many at bargain prices. In all, yg 

have 19 convenient, shop-at-home opportuni 

Pes Send no money when you order.. 
bill you later. (A shipping/handling charg 

added t to each shipment. ) 

It's Easy To Get Your Favorite Hits! If you 
the Main Selection, do nothing. It will be ser 

lly. If you want other hits or ng 

card always provided by| 


upon completing your enrollment agreemer 
remain a member and keep on saving! 
FREE 10-Day Trial! Listen to your 4 introduci 
hits for a full 10 days. If not |, return ti 
without obligation. So don't delay. Mail 
card today! 

MS374A BMG Music Service, 6550 E. 30th St 
Indianapolis, IN 46219-1194. TRADEMARKS USED) 
IN THE ADVT ARE THE PROPERTY OF VARIOUS 
TRADEMARKS OWNERS 


"Selection marked (+) not available on record. 


BY DAWN STOVER 


Laser lab > 


This carbon dioxide elec- 
tric discharge laser is the 
most powerful of its kind 
in the United States. The 
32-foot-long Air Force la- 
ser irradiates samples of 
materials used to con- 
struct aerospace vehicles 
and measures their laser 
sensitivity. Gases in the 
path of the invisible laser 
beam emit a pink glow. 


< Toy periscope 

{ Made for children or 

adults, Lunar Design's 

Instant cords » collapsible plastic 
Need an extension cord? Sportscope costs only 


= — 


Pull one out of the Cord 
Central. The box plugs 
into a standard electrical 
outlet and contains two 
six-foot retractable cords 
that stay hidden when 
you’re not using them. 
Homestar International, 
4473 Willow Rd., Suite 
250, Pleasanton, 


$50, far less than alum- 
inum-and-glass peri- 
scopes made for law-en- 
forcement officers and 

the military. The Indus- 
trial Designers Society of 
America gave the scope its 
1989 excellence award in the 
toys and games category. Lu- 
nar Design, 119 University 


Calif. 94566. Price: |J. | Ave. Palo Alto, Calif. 94301. 
$20 to $30. 


Earthquake alarm A 


QuakeAwake detects low-frequency 
sound wavesthat precedetemblors. You 
can get a 30-second warning with the 
$40 alarm, which responds only to 
quakes of at least 5.5 on the Richter 
scale, says California QuakeAwake 
(Box 67C58, Century City, Calif. 90067). 
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What's New 


Ceramic blade > 


This is the world's first pocketknife with 
a ceramic blade, claims its maker. The 
blade, which is harder than steel and 
doesn't need to be sharpened as fre- 
quently, can even cut through stone and 
metal, the company says. But it is brit- 
tle, and will chip if used to pry objects 
loose. The knife has a titanium handle 
and costs $115. Heinr. Bóker Gmbh & 
Co. Baumwerk, Postfach 101204, 
D-5650 Solingen 1, West Germany. 


Oceangoing outboard V 


The Yanmar Endeavour aims to be the 
first outboard-powered boat to cross 
the Pacific Ocean without refueling. 
Yanmar Engine Co. of Japan built the 
twin 27-horsepower engines for the 
40-foot trimaran. It was designed by a 
member of the 1988 Stars and Stripes 
America's Cup design team. 
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Soviet chopper A 


This five-bladed Soviet attack helicop- 


sign Bureau's Mi-28 development pro- 


gram. Full-scale production of the agile 
craft, code-named Havoc, is expected 
to begin soon. 


Radiant plastic A 


Sheets of a new acrylic material called 
LISA are used for decorative store light- 
ing and are less expensive than neon 
fixtures. Made by Mobay Corp. of Pitts- 
burgh, Pa., LISA contains polymeric 
dyestuffs that absorb ambient light and 
emit a fluorescent glow at the edges. 


PUSH-BUTTON CAP 


rs 
SPRING“ <A 


DIAPHRAGM 


SLEEVE 
NOZZLE 
16 PROBE SUPPORT 
€4 FA 
4 ~ STANDARD VALVE 


SS 


Safer spray A 

This variable-opening valve maintains 
a constant spray, eliminating the need 
for chlorofluorocarbon propellants that 
damage the ozone layer. As pressure in- 
side the can drops, a spring-balanced 
diaphragm and spool move less with 
each spray, leaving a wider passage be- 
tween the spool and sleeve. A probe 
keeps fluid residue from drying inside 
the sleeve, and a ball valve prevents 
loss of gas pressure when the can is 
inverted. Atmosol Ltd., 50 Townsend 
Lane, Harpenden, Herts AL5 2QS, 
England. 


Wha 
W hi L 


“л [ 


ДА 
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Injector renewer A 


3M's Multi-port Fuel Injector Cleaner is connected directly 
to an engine's fuel rail by your mechanic to flush the induc- 
tion system in eight minutes. The pressurized cleaner's can- 
within-a-can packaging does not require inert propellants, 
so only solvent is delivered to the engine. 3M, St. Paul, Min- 
nesota 55144. 


By the numbers A 

Accutire digital tire gauge by Measure- 
ment Specialties (41 Plymouth St., Fair- 
field, N.J. 07006) is accurate to within 
one psi up to 150 psi, says the company. 
Pressure is shown on a liquid crystal 
display. The gauge comes with a life- 
time lithium battery and sells for $20. 


Ice-proof wiper > 

This electrically heated wiper melts ice 
and snow that can build up on a truck's 
windshield. Its 25-watt heater can de- 
frost the windshield in temperatures as 
low as minus 40 degrees F, according 
to its manufacturer. The wiper assem- 
bly sells for between $110 and $124 per 
pair. Northland Engineered Products, 
Box 1107, Westboro, Mass. 01581. 


Portable power A 


Powerbank, a portable 12-volt lead-acid 
battery, uses a gel rather than a liquid 
electrolyte to reduce its weight. A three- 
minute boost charge will revive a dead 
battery enough for 20 seconds of engine 
cranking, according to the manufac- 
turer. The 7.7-pound unit is rated at five 
ampere-hours and is made by Power- 
bank Ltd. (48 Earlsway, Teeside Indus- 
trial Estate, Thornaby on Tees, Stockton 
TS17 9JU, England). 
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Hang itup A 

Skil’s wall-mount caddy holds the com- 
pany’s cordless socket wrench plus its 
charging stand and accessories. Leave 
it hanging, or bring it along. Price for 
wrench and caddy: $60. 


Portable stud cutter > 


Gauge & Guide, a two-piece portable 
stud jig, cuts perfectly square, identi- 
cal studs without remeasuring. The 
gauge end grabs the end of the stud 
while your power saw’s sole plate slides 
along the guide’s edge. Gauge & Guide, 
Box 563, Bedford, N.H. 03102; $23. 


Tapeless measure A 

Seiko’s Home Contractor emits sound 
waves that measure the length, width, 
and height of a room. A built-in calcu- 
lator computes area and volume, then 
tells you how much paint or carpet 
you'll need—and even what size air con- 
ditioner to buy. Price: $100. Seiko In- 
struments, 2990 W. Lomita Blvd., Tor- 
rance, Calif. 90505. 
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Mighty 

magnet > 
What weighs М 
ounce and lifts 128 
times its own 
weight? General 
Hardware’s neo- 
dymium magnet. 
It’s great for re- 
trieving steel and 
iron shards from 
tight places. The 
magnet’s small 
size (Y inch by М4 
inch) belies its 
two-pound pull. 
An aluminum 
holder clips the 
magnet to your 
pocket. It’s less 
than $4. General 
Hardware Manu- 
facturing Co., 80 
White St., New 
York, N.Y. 10013. 


< Carpet cleaner 


Spot Check is the lat- 
est attachment for a 
Shop-Vac wet/dry car- 
pet cleaner. Fill its tank 
with warm tap water 
and the special clean- 
ing compound, con- 
nect it to your Shop- 
Vac, and Spot Check 
will remove spills and 
spots in high-traffic ar- 
eas. A lever controls the 
amount of shampoo 
dispensed. Shop-Vac 
Corp., 2323 Reach Rd., 
Williamsport, Pa. 17701. 


Dripless adhesive V 

A dual-syringe container dispenses 
Devcon's 5-Minute Epoxy Gel's resin 
and hardener to make a quick-setting 
super-strong adhesive. The gel is fully 
cured in an hour. Its non-drip formula 
makes the glue ideal for vertical and 
overhead projects. When mixed, gel will 
bond wood, metal, fiberglass, ceramic, 
china, glass, and more. The price is less 
than $3. Devcon Consumer Div., 780 
A.E.C. Dr., Wood Dale, Ill. 60191. 


No more cords > 


The cordless Comoda emergency hand 
lamp sports a six-watt halogen bulb. It 
recharges in three hours. Beghelli Inc., 
11221-2 St. Johns Industrial Pkwy. S., 
Jacksonville, Fla. 32216; $130. 


Bolt-on countersink V 


Carbide edges on the adjustable coun- 
tersink cut wood, plastic, and solid sur- 
facing material without dulling. It bolts 
to any bit—straight or tapered, from 
Vs to %2 inch. Woodcraft Supply Corp., 
Box 4000, Woburn, Mass. 01888; $21.50. 


7 - 


Push-in cable ties A 

Bundling wires is a snap with Panduit 
Corp.’s new cable ties, made to push 
into pre-drilled 14-inch holes. The ties 
have a unique latch that can be reop- 
ened and closed. Panduit, 17301 Ridge- 
land Ave., Tinley Park, Ill. 60477. 


< Low-vibe sander 


Bosch says its high-rpm half- 
sheet sander is engineered to 
minimize vibration. A coun- 
ter-balancing pulley lowers 
motor torque, reducing oper- 
ator fatigue during prolonged 
use, according to Bosch. It 
comes with a dust bag or 
can be hooked to a vacuum. 
Bosch Power Tool Corp., 100 
Bosch Blvd., New Bern, N.C. 
28562. Price: $205. 


чааьа 


Mortise-cutting router A 
Rig-A-Mortis, a replacement sub-base 
for routers, has nylon guide pins that 
automatically center the router on any 
workpiece up to six inches wide. The 
sub-base also gives non-plunge routers 
plungeability. Tool Aid, 6950 Eric Lane, 
Wheatland, Calif. 95692; $15. 
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BY WILLIAM J. HAWKINS s 


Show time > 


Multiple camera images are merged 
with hi-fi sound and sent via phone line 
to a projector that produces an eight- 
by-three-foot picture. Result: Video- 
Window, from Bellcore, which lets peo- 
ple at two locations communicate as 
though they’re looking at each other in 
adjoining rooms. 


Goodbye computer disks? V 


It looks like a mere credit card, but 
Canon’s Optical Card contains up to 
two megabytes of digital memory— 
enough to hold 800 pages of text. 
The $4 removable card is used 
with the company’s $1,500 read/ 
write device to save computer 
data, graphics, and pictures. 


Have-it-your-way speakers A 
You need speakers...but what kind: 
bookshelf, pedestal, wall mount, or 
subwoofer? No problem. Infinity’s Mod- 
ulus becomes any one. The two-way 
speaker system works with optional 
pedestals, wall plates, or the company’s 
200-watt servo-amplified subwoofer. 
Price: $1,000 a pair. 


< Plug-in modem 


Plug the Hayes Personal Modem in a 
wall socket, then attach its cables to 
the serial connection on your computer 
and phone line. Result: instant com- 
munications with other computers at 
speeds up to 2,400 bits per second. 
Price: $249. 


Long-distance stereo > 
Operating Pioneer’s VSX-9500S audio- 
video receiver is easy—from anywhere 
in the house. Its wireless infrared con- 
troller can be extended to operate from 
any room for remote, remote control. 
The receiver, with Dolby pro-logic sur- 
round sound, is $1,050. 
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PATENTED ENGINE TREATMENT 


TUFOIL® IS EASY TO USE! 


Ka aay to maka your engine tun better, 
last . Just change the oil and filter 
and add 8 ounces of Tufoil to the 


FAST STARTS - HOT OR COLD 


You'll get astonishi fast starts on'cold 
mornings with both and gas en- 
tested 


ines. Canadian government 
frL at it's cold regions lab. 
showed faster cranking and significant 
fuel savi with TUFOIL. Better on 
desert like hot days tool 


MORE POWER - BETTER RESPONSE 


Owners of very expensive turbo char; 
German diesels call in wanting to 
Stock in our . They say their 
diesels are accelerating like nothing 
they've ever seen before. One said he 
doesn't have to down shift any more on 
an annoying hill in his area. 


WORLDWIDE PATENTS 


atents so far...so have Germany, 
ingland, France and Canada. No other 
engine Lad containing PTFE can 


e that claim 
IFREE -Products based оп TUFOIL technology. Check T pay 


one with each order of 2 bottles or a quart. Check 2 for each 1 


| gallon order. Values range from $3.98 to $9.95. 


I O TUFOIL Gun-Coat — Super rust inhibited, smooth action l 
О TUFOIL Compu-Lube — Low viscosity for computer 


mechanisms 


instruments 


I O TUFOIL Lightning Grease — Easily sheared grease for I 


O TUFOIL Lubit-8 — General purpose, household use | 


lubricant 


I FREE brochures 
O 30 Questions/Answers about TUFOIL 


l О "Fun with Superconductors" —we're leading that field 1 


too! 
See NASA Tech Briefs for technical details, 
1986, 1987 and 1988. 
©1987 Fluoramics, Inc. 
FLUON" лер. ТМ of С Amencas inc 
Tee тез TM of DuPont" 


N 
Patent N 
Loos SS Patents ssa ana pening 


933658 


CHANGE YOUR OIL 


INTO A 


use ЖО 


AND YOUR ENGINE 
WILL LAST... AND 
LAST...AND LAST! 


Bet о 
'Emior Starting 


TREAT YOUR CAR 
TO 


ONE 8 OZ. BOTTLE OF 

TUFOIL FOR ONE OIL CHANGE 
Your notice quister оо oparitan, 
You don't, just send us proof of purchase 
with a note i year and make 
of your car. We'll refund your $14.25 
immediately. 
Send for Tufoil today and prove to - 
self the ii озше In усш ага 
performance. Pil in the today 
or сай TOLL-FREE any time, 24 hours a 


day. 
1-800-922-0075. 


(in New Jersey, call 201-825-8110.) 
rush my TUFOIL order: 
guarantee. 


and handling) SAVE $6.00 


and handling) 


handling.) 


We ship within days! 
MONEY BACK GUARANTEE ON 8-02. 


О ONE 8 oz. bottle... treat one car for 
$1425 (plus $3.50 shipping and 
handling). See money back 


О TWO 8 oz. bottles... treat two cars 
for $25.00 (plus $4.00 shipping 


О ONE Quart bottle . . . treat 4 cars 
for $34.95 (plus $4.00 shipping 


О ONE GALLON . . . treat 16 cars for 
$125:00 (plus $6.00 shipping and 


'TUFOIL* 

SLIPPERIER 
THAN 

TEFLON®”’ 


UNIVERSITY TESTS WORLDWIDE 


widely in famous scientific jour- 
nals. The University of South Wales 
(Australia), Technion University бүт) 
nadian Cold Region Lab, the U.S. 
Government's most prestigious lab and 
many others. 
ONE-TIME TREATMENT? 


Fi itl Пе iino puiehed data in 
Eo арсен Scientific journal to sub- 
stantiate such claims. 


Engines last longer 
with Tufoil 


Our customers tell К best: 

M customers' cars have passed 
250,000 miles. The list grows rapidly. 
Several months ago, a gentleman I'd 
never before walked into our offices, 
poe on his face, sat down 


а 
Ё 


sion, called in and said he couldn't believe 
Ж is like slicing butter now!" he 


SAAB owners are writing letters 
Tufoil in their NINES" Paai peg 
reported spectacular improvements in 
their engines and manual transmissions! 


Fluoramics, Inc. Ps1% 
103 Pleasant Avenue 

Upper Saddle River, N.J. 07458 

My check or money order for $ is enclosed. 
Charge my credit card: 
O Am. Express 

Card No. 


OMaster Сага 


I 

I 

[ 

1 

l 

Ц 

Exp. Date =н 
Рһопе Мо. 1 
Мате EC eA | 
Address o —————— — l 
сау 1 
m o zp I 
(N.J. residents please add 6% sales tax). | 
l 


Canadian Distributor: 1-800-363-7753 


BY MARCELLE M. SOVIERO 


Bright lights A 
For motorcycle safety, these two new light- 
ing systems draw on-the-road attention. The 
$90 Pulsar headlight modulator flashes the 
headlight for three seconds when a button is 
pushed. The $70 Priority Plus system uses the 
turning signals as running and 

brake lights. Both are from Sound 

Off Recreational (Box 153, Hud- 

sonville, Mich. 49426). 


Watching 
thetides > 


This wristwatch nauti- 
cal tide computer indi- 
cates existing tides and 
predicts future condi- 
tions. The digital LCD 
shows tide height and 
direction, replacing 
printed tide charts, says 
Tidewatch Products (Box 
336, Califon, N.J. 07830). 
Price: $70. 


Blow-up canopy A 

This gas-filled canopy for inflatable din- 
ghies gives partial protection during 
bad weather or emergencies at sea. A 
clip-on awning provides complete cover 
when needed and is quickly secured by 
two small bottle-weights in pockets at 
each end of the dinghy. It's $280 from 
Avon Inflatables Ltd. (Dafen, Llanelli, 
Dyfed SA14 8NA, Wales). 


Safari snowmobiles A 

The GLX is one of four new Safari se- 
ries snowmobiles that uses a trans- 
verse-A suspension system. According 
to maker Ski-Doo, the computer-de- 
signed suspension gives a smoother ride 
and better controlled steering through 
the sharpest turns. Price: $5,599. 


— <Made-over motorcycle 


Take the standard BMW R100GS, in- 
crease its fuel and luggage capacity, and 
add safety features. Result: the R100GS 
Paris-Dakar. New features include an 
engine protection plate, a front fender 
extension, and mounting brackets for 
BMW saddle bags. For the long-distance 
rider there is a 9.25-gallon fuel tank. 
Price $7,860. 
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DISCS, DISCS, DISCS, DISCS! 


plus shipping /handling with membership. Details on other 


А CHANCE ONE MORE C 


ANI 


bdul—Forever Your Rolling Stones Steel Wheels. BobDylan—Oh Mercy. RichardMarx—Repeat ^— Cher—Heart Ot Stone. /f Motley Crüe—Dr. Feelgood. 
Mixed Emotions; Sad, Sad, Sad; Everything Is Broken; etc. Offender. Right Here. ICould Turn Back Time; plus Title cut plus Without You, 
etc. (Rolling Stones Rec) 387738 (Columbia) 389.262 Waiting: etc. (EMI) 380-915 тоге (Geffen) 383-893 Тат ес (Elektra) 387944 
te Townshend—The Rotman Original Dolly Parton—White Soul Il Soul—Koep On Hank Williams, Jr.— Bob Dylan & Grateful. 
m Man (Atlantic) 385-724 Soundtrack (Warner. нову Limozeen (Columba) 29 Movin’ (Virgin) y бошон this s. i Deed Ofen nAnd Te Ра 
Right Thin X . u Dead (Columt 
росте там тато Roba McEntive—Sweet Wang Chung— The 378-182 — Living Colour—Vivid 
[Motown 305-732 Sixteen MCA) $89°562 Warmer Side Of Cool Cyndi Lauper—A Night To oe) 370" 
IThe O'Jays—Serious. (Capito) me Mirac ыу (бейеп) 381-764 Remember (Epic) 377-887 as 
(ЕМ! 385-468 ^ Jean Luc Ponty—in The Miles Davis—Amandia Gipsy Kings (Elektra) Groeien Hits. (bc) 
|Stravinsky:— The. Fast Lane (Columbia) (Warner Bros) 381-756 377-812 367-672 
Firebird, Jeu de Cartes. 383-521 — Kenny Debbie Gibson— Electric. Simon—Greatest 
Еза-Рекка Salonen Borie Grebenshikov— Something inside So Youth (Atlantic) 377-275 Hits Live (Arista) 365-874 
Philharmonia Radio Silence (Columbia) Strong (Reprise) 381-749 Guns N' Roses—GN’R Aerosmith—Permane, 
(CBS Mi n 383-513 Barry Manilow (Arista) e Lies (Getfen) 376-087 Vacation (СеНеп) 359:075 
Star Bonham—The Disregard i 379-669 Journey's Greatest The Police—Every Breath 
This (Atlan 382099 Of Timekeeping о. k.d. lang And The Warrant Dirty WiteCclumba) "375-279 You Tane > The Singles 
Бат Brown—Stop (A&M) (WTG) 383.497  Reciines—Absolute Torch Filthy Stinking Rich 38 Special—Rock & Но! 348-318 
384-818 — Dan Hill—Real Love & Twang (Sire) 381-624 (Columbia) 379-644 — Strategy (A&M) Se 139 a Verdi 
[Sarah MeLachian—Touch, (Columbia) 369-380 Stray Cats—Blast Ort Зна Њом (Авало) oop The Traveli ing Wib (Св Maser) 
(Arista) Jean-Pierre Rampal— г. Volume One (Wilbur) m Aretha Franklin— 
David Benoit—-UrbanDay Mozart: Flute Concertos, Bonnie Raiti—Nick of Madonna—Like A Pree 375-08: Through The Storm (Arista 
Dreams (GRP) 384-828 — K.319/S14 Асал, КЫ ОНОНЫ. dona ys 
Israel Boys— Jody =i 
Phllharmonic/ Zubin Cruising (Capito) 387-092 poser rage Than Lite (CA) 981-061 
Mehta (CBS Masterworks) Great White—... Twice U2—Rattle And Hum 
M „© 383-94 Shy (Capitol) 381-178 Банго Орта (island) 374-017 
Sonatas Nos. 39, 38, 58 & Peri e mg (беш ^ - ie7-509 Billy Squler—Hear And 
Water So Close To Home 60 (CBS Masterworks) Р (Columbia), The Dirty Dozen Band — МС) Ээн 
(ARM) 384920 clarence, 383-331 Taylor Voodoo атан Loudness— Soldier Of 
ресе concer. Night With м. С 381-798 Fate (Arista) 381-962 Fortune (Aico) 3886082 
(CBS Master.) 373-548 (Columbia) ког D---—--————--------—- - 
light Ranger—Greatest 
SMCA 983-729 SW e ga," | NOTOSIAGE 
в бала N ST 
ac Н NECESSARY 
Боле 380-084 і CESS 
L.L. Cool J—Walking With l IF MAILED 
(bel Jam Columbia) IN THE 
: | UNITED STATES 


e 
Fantastique, Op.14 == 
London Classical ee 
Еа Sad BUSINESS REPLY MAIL = 
388-090 Cycles (Capitol) 382-457 FIRST CLASS PERMIT NO. 660 TERRE HAUTE ———— 
е Chick Corea | n — 7] — — 
fAkoustic Band (GRP, m Petty—Full Moon POSTAGE WILL BE PAID BY ADDRESSEE — 
-— кайы E onan Caan Н 2 =к— 
потап, Howe (Arista) Mi x CBS/C b H —— 
T5 ——— 
——— | olumbiaHouse === 
тте (Motown L — 
383-984 — M 
Tin Machine (ЕМ), а | | 1400 NORTH FRUITRIDGE AVENUE лла 
е, | TERRE HAUTE, IN 47812-9202 
Spend эш = І 
tia Peter Gabriel—Passion 
ere ш (Шын шю | ТИИТ 
lori 
Both Ways (Epic) "382-341 Boutique (Capito!) 383-786 i 
Li 


Ziggy Ма! The Melody Makers—One Bri 
росу Maras Danena eic VQ] 3564 руын ынү:-— 


iones аа LE Let's ‘Aerosmith—Pump. Love in An Elevator; Fine Young Cannibals—The Raw & The Cook 


Janie's Got A Gun; etc. (Geffen) Good Thing; Don't Look Back; etc. (R.S) 379« 


ANY 8 CDs FORA PENNY 22252; 


N.R.B.Q.—Wild Weekend 
(Virgin) 389-882 


Miles Davis—Au 
(Columbia) 389-312 


Foreigner—Records 
(Atlantic) 318-055 
Creedence Clearwater 


fone 


Don Henley—The End Of 
The Innocence (Getien) 


Nick Lowe—Basher: The 
Best OF Nick Lowe 
(Ейт) 


(CBS Master) 
Hatchet—Lightnit 
oom Twice (Cay om ы 


Gant Gown (Capito) 
n 


Jack Bruce—A Question 
OfTime(Epi) 389-981 


Parenthood—Original 
Soundtrack (Warner Bros.) 
389-452 
The Cars—Groatost Hits 
Elektra) 339.903 


Todd Rundgren—Near! 
Muman (Wane Bros ов) У 


Michel Сатіо—Оп Ere 
(Epic) 

Debbie Me i 
Dumb & Blonde 
(Sire/Reprise) 389-130 


The Neville Brothers— R.E.M.—Gi 
Yolow Moon ABM) a (Warner Bros) 


On the Cutting Edge 


plus shipping/handling with membership 
John Tesh—Garden City Тһе Wonder eara 
(A&M) Emmy Award-Winning 
Simply Red—A New Show (Atlantic) 389-890) 
Flame (Elektra) 378-943 Eddie & The Cruisers li — 
Jethro Tull—Rock Island Original Soundtrack 
(Chrysalis) 388-157 (Scotti Brothers) 386-813 
10 Years After—About 
Time (Chrysalis) 388-140 


Jules Shear—The Third 
375-162 Party(.RS) 387-647 


Maze—Silky Soul Max Q(Alantc) 400.077 Pixles—Doolite Elekta) 
(Warner pe 389-098 Joe Strummer— еа pd The Jets—Believe dex. 
ш “жыз Red Hot Chili 5d Bene i a S н Tim o euch ои Pand 
= Be 
Vladimir Feltsman—Liszt: | Mother's Milk (EM (Heprse/Ssh) 384-206 Unbroken (Capitol) 
Piano Sonata in 8 Minor 3 389-205 The Call—Let The D: 387-894/397-893 
arca 
а. Francie Of у лоиіаи: Mental ee a (MCA) 384-156 ена оты 
OE LIA вия Lies] 300-049 Indigo Giris Eogam Те 387-340 
388-538 Audio Dynamite— Adrian Belew—Mr. " 
Britny Fox—Boys in Heat | Megatop Phoenix Head (Atlantic) 384867 | King'sX— Gretchen Goes 
(Columbia) 388.421 | (Columbia) 388-215 dept Sis (Al/Megaforce WW) When Harry Met Sally— 
башы айын Son. John Hlatt—Y'all Caught 387-019 Оппа! Soundtrack 
OfNot(Allante). Se арт | Geffen) 388-116 The Cure—Di: Andrei сеш (Columbia) 386-821 
Slick Icehouse—Great (Elektra) 82-093 Boomtown (\sland) 387-001 Phranc—lEnjoy Being A. Ad 
Adventures OF Sick fick Southern Land (Chrysalis), The B-52's—Cosmic Bee Gees—One идвала) 
(Colombia) 00:503 387-043 Thing (Reprise) 383-877 (WamerBros)  aae-oeo Stephanie wens 
Full Force—Smoove Chris isaak—Hearı Barry | Rony Musto Tom Jones—Move Closer MČ 6-342. 
(Columbia) 388-223 | Shaped World (Reprise) | pria [si ME (Jive/RCA) 386-003 
The Best Of The jueeze—Frank (A&M) Жыш” ireatest Hits Vol. 
Died We Bian AUD. » ЕЯ Mon" 2 (Asylum) 317-768 
М The The 
Partridge Family— Jethro Tull—Aqualus Little Feat—Dixie Chicken Anthology Cosa) 
Greatest Hits (Arista) € 345-157 (Мате Bros.) 363-515 312-256 
386-961 Procol Harum Grateful Dead—American 
The Byrds—Fifth (A&M) 344-457 — Beauty (Warner Bros.) Grateful Dead—Europe 
Dimension (Columbia) The Byrde—Grestes Hits, 368-895 Т20натег Bre) з 
Я mbia) $ РР. " Е 
Best О! Cher (EMI) Bed Company-—10 Frome (esta) 357 S6597-2 Bob Dylan—Blonde On Lr NL 
381-509 (Atlantic) 241-313 — Yes—Close To The I Blonde (Columbia) 389-942 E LM 
The Best Of CannedHeat А Decade Ot Steely Dan. [C ME. Tea very Restor Pech Voir WCA 3° TON 306-304 
Doors € ч i Mitchell —C. ul Shaffer—Coast То 
L—— 1-1 тер id emn Eo E. Spare Aur) ger 102 Soen canol NT 
379-677 Best Of Kansas* Main Street ‘Tratfic—John Barleycorn eo t 
Crosby, Stills, Nash and ^ (CBSAssoc) 327-742 (Polling Stones Rec.) Must Die (sand) 384935 29) ором С 
Young—So Far (Atlantic) Joe Cocker—Greatest 350-652 Van Morrison—Saint Productions—Ghetto 
378-745 Ні (A&M) 20-95 — Rolling Stones—Sticky Dominic's Preview Music: Blue Print Of Hip. 
Roy Orbison— The All- EhonJohn-GreatestHis Fingers (Polling (Warner Bros) 364-927 Hop(Jive/RCA) 386-193 
Time rite Vols. 142 (MCA 8 Ние StonesRec) 350-645 Su assice Babytace—Tender Love | 
lumbia Special Prod.) Van Morrison— Vol. 9 (A&M) 364-471 (EPIC) E 
377-045  LedZeppelin-Coda, Moondance (Warner Bros.) ра 0102 Sony Jazz Collection— 
10,000 Maniacs—Blind Lead SAU 349-803 po ‘Soundtrack ийнан 
Man's Zoo (Elektra) Van Halen—OU812 Yellowjackets—The Spin (Columbia Special Prod.) Gold & Platinum Volos 
82-077 (Warner Bros.) (MCA) 388-173 388-207 Solda mimt d 


m © 1990! CBS Re Records I Inc. 


CBS/Columbia House, 1400 М. Fruitridge 
PO. Box 1129, Terre Haute, IN 47811-1129 
Ревзе accept my membership арр! application under the terms outlined in this 
advertisement. ee 1o buy sessions der Cus pce 
ree y 


DU M See SF oa CAB ices rr Becoming 
cancel membership 


year: at any time after doing so. 
Mymain musical bere is (check one): (But may always choose from any category) 
C] Hard Rock О Soft Rock O Modern Rock C Pop 
Rolling Stones, Richard Marx, 10,000 Maniacs, Barbra Streisand, 
Tom Petty Madonna The Cure Barry Manilow 
О НеаууМеіаг О Black Music DO Easy Listening O Country 
Great White, LL. Cooly, Johnny Mathis, О Jazz 
White Lion Bobby Brown Ray Conniff О Classical* 
Mr. 
Mrs. 
Miss Рет чате Tarai Tosi Nome 
Address. Apt. 
City. 
State. Zip. 
Do you have a VCR? (04) OYes CINo 163/890 


Do you have a credit card? (03) Оез ОМо 


Note: we reserve the right to reject any application or cancel any membership These olfers not valable п APO, FPO. 
erratum "pronto Appicabie 


Alaska; Hawai, Puerto Pico, wine for Satis of 
"Dassical members: 


Sales tax added to ай orders 


X plus shi 
пекла ore more CDs 
the next З years—é 
doing so. 
How the Club works: About every four weeks (13 times a yea 
I receive the Club's music magazine, which describes the Selectiol 
Month—plus. exciting alternates, new hits and old favoritd 
every field of music. In ac up to six times a year you may 
offers of в, usually at a discount off regular Club 
юган of up to 19 buying opportunities. 
It you wish to receive the Selection of the Month. you need do nd 
а) will be shipped automatically. if you prefer an alternate selection, 
at all, fill in the response card always provided and mail it by Ч 
J Species: you wil always have at least 10 days in which to та 
decision. If you ever receive any Selection without having 10 
J 95566: you may retur t at our expense. 
TheCDs order during your membership will be billed at re 
prices currently are $12.98 to $15.98 plus shipping and h 
(Multiple-unit sets may be somewhat higher) After completing you 
[ ment agreement you may cancel membership at any time: if you di 
I continue as a member, you'll be eligible for our bonus plan. It lets: 
опе CD at haif price for each CD you buy at regular Club prices. 
Free Trial: We'll send details of the Club's operation wi 
introductory shipment. If you are not satisfied for any reason 
| everything within 10. ays and you will have no further obligation 
Extra Bonus Offer: As a special offer to new members, tal 
‘and l'mentitied to get additional CD right now for only $6.95. This discount purchase enti 
this extra CD FREE! [о choose an extra CD as a bonus FREE. And you'll гесе! 
discounted CD and your bonus CD with your 8 introductory sele 
[that's 10 CDs in all! Send no money now—just mail the postpal 


Selections with two numbers contain 2 CDs and count as 2~so write in both nur 


| CBSCOLUMBIA HOUSE: Terre Haute, IN 


BY TIMOTHY 0. ВАККЕ 


T 


ACTIVATED CARBON FILTER 


Four-stage furnace filter A 


Claimed to be 97 percent effective at re- 
moving pollen, this air filter has four 
polyester-fiber layers. The fi two 
layers catch lint and fine dust, respec- 
tively. The third uses an adhesive to 
hold micron-size particles, and the 
fourth contains activated carbon to ab- 
sorb odors. Purity Home Products, Box 
397, Millersport, Ohio 43046; $10. 


Convenient recyclers > 


These Rubbermaid containers are part- 
ly made of recycled pla: The 14- and 
18-gallon sizes (far right) are sized to 
hold stacked newspapers or three gro- 
cery bags for aluminum, glass, etc. The 
eight-gallon size (middle) stacks, and is 
intended for holding glass and alumi- 
num cans. The large 26-gallon size is for 
leaves or bulky items like milk contain- 
ers. Prices: $7 to $14. 
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| «Co sniffer 


A chemi-optical sensor 
in the CO-Star 9A-i 
alarm detects carbon 
monoxide, an odorless 
gas that can be life 
threatening, based on 
the amount in the air 
and the duration of ex- 
posure. This tells the CO 
dose danger, not just the 
gas level at any given 
time. The most common 
CO sources in homes: 
oil and gas furnaces and 
water heaters, kerosene 
room heaters, gas appli- 
ances, fireplaces, and 
wood stoves. Quantum 
Group, 11211 Sorrento 
Valley Rd., San Diego, 
Calif. 92121; $80. 


meet EXCHANGER < Radiant furnace 


t Unlike most furna: 
which hot flue gases 
warm the heat exchang- 
er, the Thermo Pride 
2190 series condensing 
gas furnace use 
heat. The furnace’: 
ant gas burner is essen- 
tially an igniter and ce- 
ramic-fiber mantle that 
glows hot and radiates 
heat to the cylindrical 
exchanger. Result: lower 
combustion tempera- 
tures that result in lower 
pollution levels and 
higher fuel efficiency, 
between 90 and 92 per- 
cent, say ermo Prod- 
ucts (Box 217, North 
Judson, Ind. 46366). 
Prices: $2,070 to $2,316. 


ё 
Bribed? 


If you've got an IBM PC or clone, 
now you can infuse anything you 
write with powerful prose like 
never before. Imagine getting: 
$495 WordStar 5.0 Professional 
With Over 300 New Enhancements. 
V $99 Grammatik Ill Grammar Checker 
for Grammatically Perfect Documents. 
VW $59 Word Finder Pop-up Thesaurus 
Software for Incredible (Astonishing, 
Exceptional, Remarkable) Word Power. 
$99 SelecTronics HAND-HELD Spell 
Checker and Thesaurus for Adding Punch and 
Panache to Everything You Say and Write. 
It's a total retail value of over 
$750. But, if you accept my bribe, 


they're all yours for just. 
READ ON! >99% 


By Drew Kaplan 

Yes, it's a bribe. | want to add your name 
to my computer users’ mailing list. 

And to get your name, I’m offering you 
one helluva bribe. You'll get over $750 of 
the finest software AND hardware ever 
assembled to create powerful written (and 
spoken) words in one package. And I'll get 
your name to mail my computer catalogs to. 

You'll own one of the world's finest word- 
processing programs. WordStar 5.0 Pro- 
fessional with its powerful On-Screen 
Preview, Dictionary with Definitions and 
more as just part of your $99% bribe. 

Grammatik Ill is also part of your 
$99% bribe. It catches wrong tenses, the 
wrong ‘it’s’ and ‘their’, passive voice and 
even ranks your writing by grade level. 

And, look at this. Му $99*? bribe also in- 
cludes the Word Finder Pop-Up Thesaurus 
Software. You'll have 220,000 synonyms 
to infuse power into everything you write. 

And finally, you get SelecTronics' Hand- 
Held Word Finder with a 220,000-word 
thesaurus and a 100,000-word phonetic 
spell checker as part of your $99?? bribe. 

WHY ALL THIS FOR ONLY $99907 

In the mail-order business, finding com- 
puter owners to mail catalogs to is expen- 
Sive. It can cost over $20 per name. Plus, 
WordStar wants to build-up their customer- 
base. So they can become the dominant 
word-processor in the computer business. 

DAK already has over 2,600,000 cus- 
tomers (we call ourselves DAKonians), and 
| hope my bribe will sniff out the 50% of 
DAKonians who use IBMs or clones. Plus, 
I'll add a whole group of new DAKonians. 

And, if you plan to take this bribe and run, 
let me warn you. 1. l'Il chase you with future 
catalogs. And 2. l'm going to keep tempting 


you with offers like this. But, now let's ex- 
plore the quality of these 'bribes'. 

WORDSTAR 5.0 PROFESSIONAL 

Hats off to WordStar. They were the first 
and the best. In fact, over 2 million people 
own WordStar. Unfortunately, over the 
years, other companies developed improved 
word processing programs. 

But now, WordStar is back. And, if you 
accept my bribe, you'll leap to the head of 
the pack. At $495 it's agreat program. And, 
as part of your $99% bribe, it's a steal. 

Why so cheap? In May, WordStar intro- 
duced their latest 5.5 version. But, when 
they introduced 5.0 Professional last year, 
they added over 300 new enhancements. 

The 5.5 version has 3 major differences. 
It has Integrated Text and Graphics, Star- 
Transfer and a new Style Sheet Template. 

But, if you're not currently using Word- 
Perfect 5.0 or MicroSoft Word, the program 
you're using now can't hold a candle to 
WordStar 5.0 Professional. And, switching 
from your current word-processor isa 
breeze. WordStar's pull-down menus will 
have you up and running in less than a day. 

In fact, here's what the 1989 InfoWorld 
Computer Product Guide said about Word- 
Star 5.0. “... Powerful features and very 
good performance; strong mail-merge, dic- 
tionary and thesaurus; laser printer sup- 
port; spreadsheet integration. Hands-down 
best page preview in the business . . .” 

Complex Commands Obliterated. Ef- 
fortlessly unleash WordStar's commands 
using the new Pull-Down Menus. It's easy. 

If you're one of the 2 million seasoned 
WordStar users, you can still use the classic 
WordStar commands as you move upto the 
power of WordStar 5.0 Professional. 

And, if you're a new user, get ready for 


WORD[INDER 


On-Screen Preview, 
Instant Spell-Check 
with Definitions, 
easy Search-and- 
Replace. 

Perfect Your 
Documents. Now 
with On-Screen 
Advanced Page 
Preview, you'll see 
multiple pages on-screen. 
And, match facing pages or 
view up to 18 pages at once. 


Forget flipping through dictionaries 
and thesauruses. Find just the right 
word with the pocket-size Word Finder. 


You can instantly correct heading and 
footing errors. And, check page length, 
page numbering and page layout at a glance. 

Plus, the On-Screen WYSIWYG (What 
You See Is What You Get) preview shows 
you exactly how your documents will look 
before you print them. What a time-saver! 

Instant Power Words. Annihilate spell- 
ing errors and enhance every memo, man- 
uscript and report with rich, vivid language. 

Use WordStar's built-in thesaurus to in- 
fuse your writing with not just spell-check- 
ing, but a 220,000-word thesaurus, too. 

You'll increase (expand, maximize, am- 
plify) your vocabulary. And, your ideas will 
explode with persuasive power. 

Most good word processors have spell- 
check. WordStar adds an on-line dictionary. 

Imagine defining words such as 'icono- 
clast' (one who attacks cherished ideas), 
‘titration’ (test to find the strength of a solu- 
tion), and 'synergy' (cooperation in action). 

Productivity Expanders. Zip between 
documents instantly. Now you can 'cut and 


paste' with WordStar's powerful editing 
windows. Prepare two documents at once. 
Instantly move or copy text within a docu- 
ment or between two documents. 

Create newsletters, bulletins and more, 
with up to eight newspaper-style columns. 


It's easy. And, look at what else you get: 
Speed Write, Automatic Text Alignment, Foot- 
notes and Endnotes, Advanced Font Support, 
Automatic Page Layout, Paragraph Style Guides, 
Paragraph and Line Numbering, Word Count 
Analysis, Power Failure Protection, TelMerge 

Telecommunications, ProFinder File Organiz- 
er, Improved Macro Definition, Proportional 
Space Printing, Laser Support and a Calculator. 


Plus, WordStar also makes data ma- 
nipulation a breeze. Capture informa- 
tion from database and spreadsheet 
programs like dBASE", Lotus? 1-2-3, Sym- 
phony" and Quattro" and you can easily 
insert them directly into your documents. 
Word Processing Expanded. Easily out- 
line any report with WordStar's PC-Outline. 
And, if you send multiple letters, wait till 
you try WordStar's MailMerge with its 
easy fill-in-the-blank database. Send 10 
personalized letters or 10,000. It's 
great for business or club letters. 
DAK backs up your bribe with toll 
free software support. And of course, 
your WordStar 5.0 Pro- 
fessional is backed 
by WordStar's limit- 
ed warranty. 
GRAMMATIK III 
PROFESSIONAL 
GRAMMAR 
CHECKER 
It's war. Now you can 
wreak havoc on pronoun 
misuse. Now you can pul- 
verize punctuation errors. And 
now, you can forget using the 
incorrect ‘its’, ‘too’ and ‘there’. 
Forget leafing through huge 
style guides, dictionaries and textbooks. 
Let Grammatik Ill automatically check all 
your letters, reports and memos for proper 
grammar use. It's like having a ruthless editor 
and meticulous proofreader on your team. 
Here's how it works. Grammatik 111 
uses artificial intelligence to methodically 
'proofread' your letters, proposals and re- 
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With the pop-up Word Finder Thesaurus Soft- 
ware, important (powerful, significant, influen- 
tial) words are always just a keystroke away. 


ports for improper or weak grammar use. 
Sure, it can effortlessly pinpoint simple 
problems, like forgotten periods, capitaliza- 
tion and unclosed parentheses. Plus, it will 
correct improper article use ("a iron"), 
homonym usage ("their was a dog") and 
subject-verb disagreement ("they is here"). 
And, it teaches as you use it. So you (or 
your children) can learn while you write. 
Whenever it catches an error, touch a but- 
ton. An on-screen window pops up, explain- 
ing the grammatical rule. It looks for: 
Archaic or Foreign Phrases, Unbalanced (), 11, [] 
or “ ", Capitalization, Double Word or Punctua- 
tion, End of Sentence Punctuation, Punctuation 
Usage, Ellipse Usage, Hackneyed, Cliched or Trite, 
Informal or Illiterate, Jargon, Technical or Esoteric, 
Clumsy or Awkward, Longwinded or Wordy, 


Often Missed or Confused, Neologism or Coin- 
age, Overstated or Pretentious, Passive Voice, 
Quotation Misuse, Redundant Phrase, Spelling, 
Trademark, Usage In Question, Vague Adverb, 
Adverb Usage, Split Infinitive, Infinitive Usage, 

Number Agreement, Incomplete Sentences, Ad- 

jective Usage, Verb Agreement, Similar Words, 

Possessive Usage, Article Usage, Homonyms, 

Pronoun Usage and Preposition Usage. 

There's also a Report Screen. You'll see 
your average sentence length, the average 
number of syllables per word and more. 

The scores tell you which grade level is 
required to understand your efforts. 

Now you can really analyze your work. 
Now you can direct your message to your 
specific audience by aiming your letters to 
your reader's precise education level. 

And now, your audience will feel an in- 
stant connection to you and your words. 

Reference Software's Grammatik Ill is 
backed by a standard limited warranty. 

WORD FINDER 
POP-UP THESAURUS 

It's amazing (stunning, fantastic, fabu- 
lous). Forget racking your brain for just the 
right word. And, forget tediously plodding 
through a thesaurus for the best word. 

Imagine leaping (hurdling, pouncing, 
bounding) to the exact word you want. 


You'll command awesome word power. 

And, imagine enhancing (amplifying, 
magnifying, boosting) your writing and 
speaking, with stunning (breathtaking, as- 
tonishing, sensational) word power. 

I'm a simple writer. But now, І can infuse 
a 220,000-word 'instant-access' thesaurus 
into my writing and speaking. 

Make your ideas omnipotent (mighty, 
powerful, supreme). Now every word can 
create a graphic (colorful, impressive, in- 
tense) image in your reader's mind. 

Now you can access thousands of $5, 
$10 and $25 words with just a keystroke. 
It's a pop-up program that works within 
most word processing programs. 

There's no programming and nothing to 
learn. Justtypethe word you want. And, get 
ready to express your ideas with exquisite 
(errorless, elegant, excellent) precision. 

If you're unsure of the word's meaning, 
simply check its synonyms. It's from Mi- 
crolytics and backed by a limited warranty. 

WORD FINDER HAND-HELD 
SPELL CHECKER & THESAURUS 

| hate dictionaries. Half the words | look 
up are already spelled correctly. And the 
other half, | can't find. 

With the hand-held Word Finder, ‘look- 
ing up’ words is simple (logical, clear, easy) 
and fun (amusing, enjoyable, entertaining). 

It's phonetic. And, it's really intelligent 
(advanced, brilliant, knowledgeable). Type 
"FONETIC' and you'll get PHONETIC’. Type 
“PH???TIC’. And, you can select ‘PHONETIC’ 
from other possibilities. 

Type 'FOTOGRAPHIC.. Instantly, ‘PHOTO- 
GRAPHIC’ appears on the LCD screen. 


Add a letter. Leave out a letter. Even trans- 
pose a letter. The Word Finder can find the 
correct spelling of the word you want. 

You'll have 472 megabytes of awesome 
(stirring, magnificent, exciting) words. If 
anyone in your family delivers speeches, 
this is one of the most vital (dynamic, en- 
ergetic, crucial) tools you can use. 

lus, it's a must for students. Not only is it 
essential (indispensable, imperative, man- 
datory) for tests and reports, but it also 
helps build vocabulary for the college 
boards. And, just wait till you see how it 
adds sparkle (vigor, energy, excitement) to 
all your essays, articles and short stories. 

he Hand-Held Word Finder measures a 
pocket-size 3" x 4" x 3", and weighs a 
feather-light 6 ounces. It operates on AAA 
batteries (included). It's made by SelecTron- 
ics, and backed by their limited warranty. 

Everything above is one heck of a 
$99% bribe. You'll need an ІВМ PC (IBM PC 
is a registered trademark of International Busi- 
ness Machines) or clone with a hard disk. 
Plus, a minimum of 384K of RAM (512Kto 
use WordStar's preview), DOS 2.0 or higher, 
and a Hercules, CGA, EGA or VGA monitor. 

All software is covered by the manufac- 
turers' standard limited warranties and ship- 


Imagine wielding the power of WordStar 5.0 Professional with its Pull-Down Menus. Imagine previewing your 
reports, proposals and essays with its Advanced Page Preview. And then, ‘proofreading’ your work with Grammatik IL | 


ped in packages provided by DAK. | 
ACCEPT A BRIBE 
RISK FREE 

Thrilltothe incredible power of WordStar 
5.0 Professional. Concentrate on your cre- 
ativity while Grammatik 111 eliminates the 
drudgery of grammar checking. 

And, imprint your ideas into your readers" 
minds with the most powerful (potent, force- 
ful, dynamic) software and hand-held 'word 
tools’ from Word Finder. 

If you're not 10096 thrilled with your 
bribes, simply return them to DAK in their 
original box within ЗО days for a refund. 

To order your IBM-Compatible WordStar 
5.0 Professional ($495 value), Grammatik 
11 ($99 value), Word Finder Software ($59 
value) and $99 Hand-Held Word Finder risk 
free with your credit card, call toll free or send 
your check, not for the over $750 suggest- 
ed retail, but for just $999 COMPLETE 
($9 P&H). CA res add tax. 

Use Order No. 6215 if your computer 
uses 5%” disks. Or, use Order No. 6216 if 
your computer uses 3/2" disks. 

We all win. I'll build a great mailing list to 
introduce my computer products. WordStar 
gets to build its customer-base. And, you 
gain the productivity of over $750 worth of 
word power to make your ideas soar. 
Remember, it's all yours for just $9990, 
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Call Toll Free For Credit Card Orders Only 
24 Hours A Day 7 Days A Week 
For Toll Free Information, 
Technical Inform; 


1-800-325-0800 
Any Other Inqu 


6AM-5PM Monday-Friday PST 
8200 Remmet 


1-800-888-9818 
1-800-888-7808 
Park, CA 91304 


Science Newsfront 


By ARTHUR FISHER 


An image generated by a laser radar system developed at Sandia National Laboratories shows a figure moving away. 


Laser radar imaging 


You should be able to make out the im- 
age of a human figure in the pixellated 
picture shown above. Indeed, it is the 
image of a man walking away from a 
laser radar developed at Sandia Na- 
tional Laboratories in Albuquerque, 
N.M. How do we know the man is walk- 
ing away? Because the system provides 
not only an image but codes for the 
distance of objects in its field of view, 
and updates that information four 
times a second, a frame rate fast 
enough to be practical for some short- 
range military uses. 

Laser radar combines some of the ad- 
vantages of conventional radar on the 
one hand and video imaging on the 
other. Video yields much finer resolu- 
tion, but no distance or range infor- 
mation; conventional radar alone 
provides distance but no shape infor- 
mation. The combination conferred by 
laser radar could have applications in 
robotic vision systems, collision-avoid- 
ance systems, and autonomous vehi- 
cle-control systems, as well as in tar- 
get recognition weapons systems. 

Development of the laser radar ap- 
paratus was headed by David Williams 
and Marion W. Scott of Sandia's Opto- 


electronics Components Development 
Division and Mark A. Grohman of 
Sandia's Advanced Projects Division 
IV. 

The heart of the system is a small 
gallium arsenide semiconductor laser 
diode that emits a continuous beam of 
light in the near-infrared, just out of 
reach of the human eye. А mechanical 
Scanner sweeps the beam back and 
forth and up and down over the field of 
view, roughly 30 degrees wide and 
high. The phase of the return signal is 
measured to extract the ranges to ob- 
jects in the field of view. The success of 
the project relies on the development, 
over the past five years, of semiconduc- 
tor lasers powerful enough to be effec- 
tive, and on advanced signal-processing 
electronics and very fast gallium ar- 
senide integrated circuits. Earlier ef- 
forts to develop laser radars used large 
carbon dioxide lasers, which proved too 
cumbersome to be practical. 

The present maximum range of the 
system is about 50 meters, but work 
is under way to extend that to some 
hundreds of meters. 

Inthe image above, different ranges 
are represented Бу different colors. The 
man is a fairly uniform yellow because 
only four range resolution cells are 


needed to cover the depth of his body. 
Bushes, coded blue and purple, are 
seen at longer ranges. The sky is shown 
with random colors because it gives no 
radar return 


The light that binds 


Ап accidental discovery by three phys- 
icists has led to what they say is a new 
form of matter held together by light, 
a form they call optical molecules. 

The three are Jene Golovchenko, the 
Gordon McKay professor of applied 
physics at Harvard University, and 
Michael Burns and Jean-Marc Fourn- 
ier at the privately funded Rowland In- 
stitute. They were investigating the 
use of intersecting laser beams to trap 
polystyrene microbeads, only 1.43 mi- 
crons in diameter. The researchers put 
the microspheres in water and injected 
the solution between two closely spaced 
glass plates, and passed an intense la- 
ser beam through the glass. They were 
amazed to find the spheres binding into 
larger structures that hopped about in 
the light field. 

The discovery, says Golovchenko, was 
totally unanticipated. “I don't think 
anyone suspected that you could organ- 
ize random matter into material struc- 


24 | POPULARSCIENCE JANUARY 1990 


tures using light." He and his col- 
leagues suggest that the find could 
have important implications for pre- 
paring materials with new electrical, 
optical, and chemical properties. 

"The distance between spheres is like 
the spacing between atoms in a mole- 
cule,” says Golovchenko. “In the case 
of atoms, nature controls the organi- 
zation; in the case of light, we control 
the organizing force. The two types of 
organization are not unconnected in 
my view, and I believe that we are 
looking at something really fundamen- 
tal, the full implications of which are 
yet to be realized. It's an exciting and 
intellectually stimulating area that 
lets us have a lot of fun while we con- 
tribute to increasing knowledge of the 
physical world." 


Ozone blues 


Observations by the Total Ozone Map- 
ping Spectrometer (TOMS) aboard 
NASA's NIMBUS-7 satellite show that 
the Antarctic ozone hole in 1989 was 
as bad as the record-setting hole of 
1987. The record-low ozone level was 
reached on October 5, 1989. Dr. Arlin 
Krueger of the Goddard Space Flight 
Center in Greenbelt, Md., the TOMS 
principal investigator, says: "It's becom- 
ing clear that the ozone hole is not 
going to go away in the near future, 
although the depth will vary from year 
to year" It is Earth's ozone layer that 
protects all life on the surface from 
carcinogenic and potentially lethal ul- 
traviolet radiation. 

Close on the heels of the NASA an- 
nouncement came a report in the Jour- 
nal of the American Medical Associa- 
tion stating that there may be an 
emerging epidemic of two kinds of skin 
cancer that are each related to sun ex- 
posure. Researchers at the National 
Cancer Institute and the Kaiser Per- 
manente Center for Health Research 
reported that between 1960 and 1987, 
the incidence of squamous cell skin 
cancer increased 2.6 times in men and 
3.1 times in women; the incidence of 
malignant melanoma increased 3.5 
times in men and 4.6 times in women. 

"The rising incidence of both malig- 
nancies may be attributable," says the 
report, "to increased voluntary expo- 
sure to the sun over an extended pe- 
riod.” In an accompanying JAMA edi- 
torial, Dr. Martin A. Weinstock of 
Brown University in Providence, R.I., 
calls for preservation of Earth's ozone 
layer and greater use of sunscreens 
with sun protection factors of 15 or 
higher. Pointing to the "limited abil- 
ity of human skin to tolerate ultravio- 
let radiation," Weinstock pleads that 


For the first time in the history of the space 
program, a private company launches a payload 
into Earth orbit. 


“ав individuals and as a society, it is 
only prudent to take precautions to 
save our skins." 


Top engineering award 


The largest prize in the world— 
$350,000— given exclusively for engi- 
neering achievement has been awarded 
to Jack S. Kilby and Robert N. Noyce 
for being independent co-inventors of 


the semiconductor microchip inte- 
grated circuit. The first international 
Charles Stark Draper Prize was estab- 
lished by the National Academy of En- 
gineering, a private organization that 
advises the federal government under 
a congressional charter. 


Privates in space 


For the first time in the history of the 
US. space program, a privately owned 
rocket launcher placed a satellite pay- 
load in Earth orbit. On August 27, 
1989, a lofty Delta rocket zoomed from 
the launch pad at Cape Canaveral 
(photo left) and placed the British 
Telecom satellite Marco Polo 1 in an 
eventual geosynchronous orbit 22,300 
miles above the equator, where it will 
beam television and other programs to 
homes in the United Kingdom that are 
equipped with one-foot-diameter dish 
antennas. 

The rocket was built and launched 
by McDonnell Douglas Space Systems 
Co. of Huntington Beach, Calif. Other 
private companies had achieved sub- 
orbital flights with small rockets, but 
this was the first time a commercial 
space vehicle was big and powerful 
enough to boost a payload to orbit. The 
feat means that the United States is 
capable of competing in the interna- 
tional commercial space-launch mar- 
ket, primarily against Arianespace, a 
consortium owned by 11 European 
governments. 

“This is the beginning of a whole 
new era in space for America," said 
Stephanie Lee-Miller, director of the 
Transportation Department's commer- 
cial space office in Washington, D.C. 


Galileo to Jupiter 


Speaking of launches, Galileo finally 
took wing on October 18, 1989, bound 
for Jupiter. It may have been the long- 
est delayed scientific experiment in 
modern history. 

Named for Galileo Galilei, the father 
of the scientific revolution, who had all 
that trouble with the Inquisition, the 
spacecraft was originally supposed to 
have been shuttle-launched into orbit. 
in 1982. But various delays, mostly in- 
volving the shuttle and culminating 
with the Challenger disaster, inter- 
vened. When Galileo does reach Jupiter 
in 1995, it will be 10 years later than 
the arrival date originally scheduled. 

The flight plan could not be called 
direct. Galileo needs the gravitational 
“slingshot” boost of both Earth and 
Venus to increase the spacecraft's 
speed, and iron out its trajectory. So 
Galileo will head first for Venus, flying 

Continued 
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Introducing the new ESCO 


New technology makes this radar detector 
perform unlike any other in the world 


|" 1978 we introduced the original ESCORT. Its 
superheterodyne technology changed the science of 
radar detection forever 

At the time, Car and Driver said, 
imagine the Turbo Porsche of 


If vou can 


letectors, this 


is it...it's a brilliantly conceived device. In no test 
did any of the other detectors even come close 
But that was just the beginning. 
Our strategy 
Since then, we've continuously advanced the 
аг warnin, 


engineers to spend t 


science of 


improving performance. Because of this program. 
ESCORT and PASSPORT have unec 
for perfori 


led repu 


ance, winning test after test 


But we've never stopped stri 
quantum leap, a revolu 


ng for another 
оп in technol 


could redefine radar detection 


ga 
we've done it, The key is a new technology: DSP 
Incredible technology 


DSP is Digital Signal Processi 


unheard of in personal electronics, but 
used in many exotic electronic devices. 

DSP is used by NASA to create ¢ 
photos from blurry 
to distin 


virtually 


led space 


milita 


mages. It's used by 
uish enemy aircraft from fr 
craft. It's used to deliver sharp imag 
tissue from medical scanners. And nov 
DSP to find ra 
detected by convent 


nal body 


we're using 


lar signals too weak to be 


technology. 


How it works 
Our new ESCORTS DSP с 
incoming radar signals 50,000 t 
slicing them int rete bits of information. This 
information 


nes a second, 


1uously 


Breakthrough performance 
The new ESCORTS DSP circuitry was developed 
using everything we've learned about advanced 
detection, The end result is incredible 
The new ESCORTS advanced signal processing 
provides an incredible increase in sensitivity on 
both ba Quite simply, this means that the 
radar si 


ls much further 
т before possible 
nce we introduced the first 
п a performance improvement 
s. But theres more. 

Complete warning system 
The new ESCORT keeps you fully informed 

а variable audible warning with adjustable 
volume, and different tones for X and K bands, And 
both a Mute and a new Auto-Mute function 

For visual warning, theres an alert lamp and 
ten-segment signal strength meter, both dimmed 
to suit ambient lighting. There's also a Dark 
for more rete Operation. 

ESCORT is housed in a heat treated aluminum 
finished in low-glare black, а 


han was е 


fact, not 
ЅСОКТ has there 


wit 


hou nd is incredibly 


compact, only X" high and 34” wide. And every 


пег ESCORT is only a frac 


Everything included 
ESCORT comes complete with visor 


if vou prefer). 
lso a leather carrying case, and a 
sive owner's handbook. ESCORT also 


incorporates our revolutionary Digital Key security 


compre 


syster 


1 (see sidebar for the full story). 


you, ar 
just c 
you're not completely satisfied within 30 days, 
ust г 


There are no hidden charges. 


detector in the world. But don't take our word 
for it. Order today and see for yourself 


Satisfaction guaranteed 
We only sell ESCORT direct from our factory to 


rantee your satisfaction. To order, 
ESCORT, if 


г you гесе 


rn it. We'll refund all of your money and 
return shipping costs, no questions asked. 


The new ESCORT outperforms any other radar 


Bad news for thieves: 


А new security system in new ESCORT and SOLO 
makes them of little use to anyone but the rightful 
owner. Here's how it works: 

The system is fully automatic, and easy to use. 
Included with your new radar detector is a tiny 
electronic “Digital Key"" to put on your key ring (see 
the main photo above and the cutaway at right) 

About every two months, your detector's circuitry 
will prompt you to insert your Digital Key into a small 
jack on your detector, and turn your detector on. 
After confirming that you used the right Key, your 
detector will reset its lock and will be ready for 
two more months of use. That's all there is to it, 


| 


May we help you? Escort and 
SOLO bring totally new technologies to radar 
warning. But there's one thing we didn’t change: 
Our system of selling direct from our factory to you. 
Just call us toll-free. One of our radar experts 
will be glad to answer vour questions or take your 
order, And remember, our 30 day trial lets you 
try new ESCORT ог SOLO at no risk. Call today. 


ESCORT $295 


Ohio residents add 


$17.70 sales tax 
RADAR WARNING RECEIVER 
I 
Prices slightly 


higher in Canada 


І you're а business traveler, always switching 
between cars and using rentals in distant cities, 
you need the most convenient radar detector 
possible. But radar detectors have always been less 
than ideal for traveling. Until now. 
First things first 
After years of development, we re introducing 
self-powered SOLO, It has the same long-range 
warning as our test-winning PASSPORT, and it's 
en smaller (only 4" high and 24" wide). But 
incredible performance isn t the breakthrough. 


However, for someone who doesn't have the right 
key (and there are thousands of different Digital 
Keys), the radar detector simply won't work. And 
there's little economic incentive for a thief to steal 
your radar detector if he can't sell it. And if a 
stolen ESCORT or SOLO is ever returned to us for 
service, we'll immediately contact you (if you have 
reported the theft to us). 

Although nothing is totally “theft- 
proof;' our new Digital Key 
curity system will help keep 
your new ESCORT 
or SOLO yours. 


IT 


Actual. 


| 
Call Toll Free 1-800-543-1608 


(24 hours a day, 7 days a week). 


cutaway of Digital Key 


Or mail us your order: 


Cincinnati Microwave 
> Dept. 601610 

One Microwave Plaza 
Cincinnati, Ohio 45249 


No power cord 


Revolutionary convenience 

SOLO is the first self-powered superheterodyne 
radar detector. You just mount it on vour visor or 
windshield and turn it on. It's that simple. 

SOLO doesn't need a power cord, recharger, or 
add-on battery pack. Its remarkable design operates. 
out 200 hours on a single 9 Volt lithium battery 
(or 80 hours on a standard alkaline). For most 
drivers, that's several months of use 


01234567 12 13 
Approximate Battery Life (months) Lithium ж Alkaline. 


For most drivers. a single battery will last several months 


Total performance 
Unlike most battery powered devices, SOLO 
maintains full performance over its full 
battery life. And when you finally need to 
replace the battery, SOLO tells you five hours in 
idvance so you have plenty of time to plan ahead. 
Needless to say, there was only one way to 
make self-powered SOLO a reality. Starting with a 
n sheet of paper, our engineers have designed 
the most efficient superheterodyne radar detector 
in the world. SOLO uses only 2% of the power of a 
conventional radar detector. 
Incredible technology 
The advances that made SOLO possible would 
fill this page. but here's a brief outline: A varactor- 
tuned GaAs FET microwave oscillator, four custom 
CMOS integrated circuits, seven circuit boards, and 
hundreds of SMD components controlled by a 
CMOS microprocessor and powered by a digital 
power supply. All contained in a thin wall mag- 
nesium housing for incredible strength and light- 
ness (just 52 ounces complete with battery). 


de: 


Introducing sel powered SOLO 


A new kind of radar detector— 


Standard equipment 
SOLO has all of the ad ed features we 
pioneered with ESCORT and PASSPORT. Variable 
rate audio warning, with adjustable volume and 
different tones for X and K bands. An alert lamp 
and ten-segment LED signal strength meter, both 
automatically dimmed to suit ambient lighting. 
And a Dark mode for even more discrete operation. 
In addition, SOLO has both a Mute switch 
and a new Auto-Mute function that automatically 
reduces the audio to a lower le er the initial 
alert. There's even a special battery-saver circuit 
that turns SOLO off if you forget to. 
And our new Digital Key security system 
means your SOLO will be of little use to anyone 
but you (see sidebar for the full story). 


Instead of a conventional 
‘meter. SOLO uses ten 


Hewlett Packard Alas 
\ LEDs bonded directly to 


a tiny circuit board. 


The complete package 

SOLO comes complete with everything you 
need. An articulated visor clip that opens wide for 
padded visors, but folds flat for convenient handling. 
A windshield mount that easily adjusts for different 
windshield angles. A leather pouch for everyday 
use, and a travel case for taking SOLO with you 
on trips. And of course, we include two batteries, 
both a lithium and an alkaline, to get you started. 

Factory direct 

We only sell SOLO direct from our factory to 
you. Just call us toll-free to order, or for more 
information. And we g tee Your 
If you're not completely satisfied in 30 days, just 
return SOLO for a full refund. SOLO is also backed 
by our one year limited warranty 

Some people will see SOLO as a convenience 
breakthrough. But also consider the performance 
advantage of having r detector you'll use 
every time you get in your car, 


SOLO $345 
SELF-POWERED Ohio residents add 
SOLO © 32070sales tax 
RADAR-RECEIVER Prices slightly 

higher in Canada 
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by in early February 1990, where it 
will pick up approximately 5,000 mph, 
to 88,000 mph. By December 1990, it 


ing by about 600 miles above the sur- 
face. Its speed will have dropped to 
67,300 mph on Earth approach, but 
will be boosted to 79,000 mph. A sec- 
ond Earth loop, this time only 200 
miles from the surface, will elongate 
the orbit and bring the speed to 87,200 
mph in December 1992. 

Five months before Galileo's actual 
arrival at Jupiter, it will deploy a probe 
that will plunge into the dense Jovian 
atmosphere at 115,000 mph. The re- 
sulting shock wave will generate a tem- 
perature of about 28,000 degrees F, 
survivable because of the probe's de- 
tachable heat shield. With a parachute 
deployed, the probe will waft down into 
an ever hotter and denser environ- 
ment. Its handlers at NASA's Ames Re- 
search Center anticipate that it will 
last at least an hour and a quarter and 
descend about 400 miles into the at- 
mosphere before succumbing to the in- 
tense heat and crushing pressure. Dur- 
ing that time, its instruments will 
garner priceless information on the 
physical behavior and chemical com- 
| position of Jupiter's turbulent clouds, 
| radioing the data to the mother ship. 

The Galileo spacecraft will then head 
into orbit around Jupiter in Decem- 
ber 1995 for a 22-month tour, includ- 
ing many passes by the four largest 
moons. The imaging system aboard 
Galileo is so much more advanced than 
Voyager's that space scientists expect 


makes its first loop around Earth, pass- | 
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An amusing illustration from a new book demonstrates the power of computer graphics techniques. 


the pictures it returns will be from 100 
to 1,000 times as good. 


Sunday drivers 


It is the best of times, it is the worst of 
times. Sunday, that is—at least for 
driving. According to the General Mo- 
tors Research Laboratories, high noon 
on Sunday is the safest time of the 
week to drive a car. But if you drive at 
3 a.m. Sunday morning, your chances 
of being killed are 134 times as great. 


Computer Gothic 


What's wrong with the picture above? 
Nothing. It's an illustration of the enor- 
mous capabilities of the latest genera- 
tion of computer graphics, and it 
comes from a compelling book called 
“Visualization: The Second Computer 
Revolution," by Richard Mark Fried- 
hoff and William Benzon (Harry N. 
Abrams, Inc., $49.50). 

The book has 203 illustrations, 142 
in color. But there are lots of coffee ta- 
ble compendiums of computer-gene- 
rated pictures. What sets this volume 
apart, and makes it indispensable for 
anyone coming to terms with computer 
graphics, is its comprehensive survey 
of just how such images are made, in 
fields ranging from the arts to molec- 
ular biology. There are also enlighten- 
ing no-nonsense discussions of visual 
perception and aesthetics. 

Incidentally, this version of Grant 


paintbox system. Portions of Botticelli’s 
"The Birth of Venus"—left-right re- 
versed in the computer—were cut and 
overlaid on the female figure. The 
man’s bemused expression was also 
achieved via paintbox manipulation. 


Strange quark matter 


The pulsar—a spinning star—at the 
heart of Supernova 1987A may consist 
of a type of matter never before ob- 
served. That conclusion stems from the 
calculations of theoretical physicist 
Norman Glendenning of Lawrence 
Berkeley Laboratory's Nuclear Science 
Division, and is based on the fact that 
the pulsar is spinning at 2,000 revolu- 
tions a second, more than three times 
faster than any previously known 
pulsar. 

"In order for this star to withstand 
such fast rotation without flying apart," 
says Glendenning, "its central density 
must be at least twelve times the den- 
sity found in normal nuclei, and it is 
implausible that matter at that high 
a density can consist of individual nu- 
clear particles." 

Astrophysicists have believed that all 
ofthe 400 or so known pulsars are neu- 
tron stars. But Glendenning suggests 
that the new pulsar is actually com- 
posed of strange quark matter. Strange 
quarks, one of the six kinds of quarks, 
do not appear in ordinary matter but 
have been observed indirectly in cos- 
mic rays and accelerator experiments. 
Strange quark matter, if it exists, 
would be an approximately equal mix- 
ture of strange, up, and down quarks, 
with a sprinkling of electrons. 

А star made of strange quark mat- 
ter would be very stable, held together 
by the same force that binds quarks 
together in the nucleus. "All other stars 
that we know,” says Glendenning, “are 
bound only by gravity, but gravity for 
this star is icing on the cake.” 


Vampire bats, yet 


My three-part series on global warm- 
ing, [Aug., Sept., and Oct. ’89] listed a 
variety of problems. Here’s another: 
Gary Morgan, a bat expert at the Mu- 
seum of Natural History at the Uni- 
versity of Florida, Gainesville, says 
that vampire bats could return to Flor- 
ida after being absent for 100,000 
years. 

“Tf our average winter temperatures 
increase by just a couple of degrees,” 
Morgan says, “vampire bats could prob- 
ably do just fine in Florida.” The bats, 
harmless except for their ability to 


Wood’s famous painting “American | transmit rabies, are now confined to 


Gothic” was made with a pixel-based 


Central and South America. 05 
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Learn to troubleshoot and service today's 
computer systems as you build 


a fully XT-compatible micro, 


complete with 512K RAM ang 
powerful 20 meg hard drive 


Your NRI computer training includes all this: « NRI's unique Discovery Lab* for circuit design and dit 
\d-held digital multimeter featuring "talk:you- 
logic probe that lets you visually examine computer circuits ~ 
igent” keyboard, 360K double-sided, double-density 


* NRI's hant 
"intell 


Train the NRI Way— 
and Earn Good Money Servicing 
Any Brand of Computer 


Jobs for computer service technicians will 
almost double in the next 10 years according 
to Department of Labor statistics, making 
computer service one of the top 10 growth 
fields in the nation. 

Now you can cash in on this exciting 
opportunity—either as a full-time industry 
tedhnician or in a computer service business 
of your own—once you've mas! 
electronics and computers the NRI way. 

NRI's practical combination of 
“reason-why” theory and hands-on building 
skills starts you with the fundamentals of 
electronics, then guides Aun through more 
sophisticated circuitry all the way up to the 
latest advances in computer technology. 
You even learn to program in BASIC and 
machine language, the essential language 
for troubleshooting and repair. 


Get Real-World Skills as You Train 
With a Powerful XT-Compatible 
Micro—Now With 20 Meg Hard Drive! 


To give you hands-on training with the 
absolute in state-of-the-art computer 
technology, NRI includes the powerful new 
Packard Bell VX88 computer as the 
centerpiece of oar кешр. As you 
assemble this fully IBM XT-compatible 
micro from the keyboard up, you actually 
see for yourself how every section of your 
computer works. 

You see and test My computer's 
"intelligent" keyboard, i power 
supply and 5!4" disk drive, then interface the 

igh-resolution monitor. But that's not all. 

Your hands-on training continues as 
you install a powerful 20 megabyte hard 
disk drive—today's most-wanted computer 


agnosis 
!" instructions on audio cassette * A digital 
new Packard Bell VX88 computer with 
disk drive, 512K RAM, 16K ROM « 20 megabyte 
hard disk drive » Bundled software 
including MS-DOS, GW-BASIC, word 
а: 


processing, pọ 
Programs’ Packard Bell reference 


schematics. 


peripheral—now included in your course to 
dramatically increase the data storage 
papacy, of your computer while giving you 
ligi fain quick data access. Plus you work 
with exclusive word processing, database, 
and spreadsheet software, yours to use for 
your own professional and personal 
applications. 

As you build your computer, 
performing key demonstrations and 
experiments at each s! of assembly, you 
get the confidence-building, real-world 
experience you need to work with, 
troubleshoot, and service today's most 
widely used computer systems. 


No Experience Needed, NRI Builds It In 


This is the kind of practical, hands-on 
experience that а you uniquely 
prepared to take advantage of today's 
opportunities in computer service. You learn 
at your own convenience in your own home. 


END COUPON 
MAGOS Jm 


LH 
McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 


MÍCHECK ONE FREE CATALOG ONLY Г] Electronic Circuit Design 


= 


‘manuals with programming guidelines and 


AY FOR FREE NRI CATALOG 


No classroom pressures, no night school, no 
need to quit your present job until you're 
ready to make your move. And all 


throughout your training, you've got the full 
үө of your perso! RI instructor and 
the NRI technical staff, always ready to 


answer your questions and help you 
whenever you need it. 


FREE 100-Page Catalog Tells More 


Send today for NRI's big, 100 page, full- 
color catalog that describes every aspect of 
NRI's innovative computer саше. as well 
as hands-on training in robotics, video/audio 
servicing, electronic music technology, 
security electronics, data communications, 
and other growing high-tech career fields. If 
the coupon is missing, write to: NRI School 
of Electronics, McGraw-Hill Continuing 
Education Center, 4401 Connecticut Ave- 
nue, NW, Washington, DC 20008. 


IBM is a registered trademark of International Business. 
Machines Corporation 
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COOTV/Video/ Audio Servicing C) Data Communications О Electrician 
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Automotive Newsfront 


By DAN McCOSH Detroit Editor 


with David Scott and Don 


ISherman in Frankfurt, West Germany, and Brian Nadel 


The Volkswagen Futura with its gull-wing doors establishes the design direction of space-efficient 


а 


EUROPE DESIGNS FOR THE 19905 


The Frankfurt Auto Show is a bien- 
nial event that jam packs 24 months 
worth of automotive developments into 
nine show halls. Unlike the typical 
dealer-sponsored shows in America, the 
Frankfurt event draws journalists and 
executives from all over the globe to 
preview new models and discuss the 
issues of the day. European Corre- 
spondent David Scott and Special Proj- 
ects Editor Don Sherman found it 
bristling with innovative ideas and ad- 
vanced technology. 


VW for tomorrow 


Volkswagen looks 10 years ahead with 
the Futura research vehicle, a “one- 
box" bubble car with 2--2 seating and 
a pair of gull-wing doors. The large 
sloping greenhouse with its steeply 


| front wheel 


raked windshield is made of a new in- 
sulating glass that shuts out 60 per- 
cent of the sun's rays to reduce the 
chances of thermal overload. Futura's 
are driven by a super- 
charged 1.7-liter gasoline engine with 
direct fuel injection rated at 82 horse- 
power. VW officials say this engine 
gives the economical operation of a die- 
sel, but without the expected perform- 
ance loss, smell, or blue exhaust. To 
reduce engine losses, a two-speed gen- 
erator reduces load at high engine 
speeds, and a “hot cooling” system re- 
places the usual engine-driven me- 
chanical water pump and radiator fan 
with a system that relies on coolant 
evaporation and condensation. Speedy 
cold-weather warm-up and efficient 
high-temperature operation are said 
to have been improved. 


ne-box" designs for the coming decade. 


Electronic four-wheel steering auto- 
matically compensates for side winds, 
road ruts, and unequal grip on split 
surfaces, and will even automatically 
park the car. Laser and ultrasonic sen- 
sors scan the curb-side space, and the 
automatic transmission, electronic en- 
gine throttle control, and electric park- 
ing brake slip the car into the parking 
space, or so say VW engineers. About 
the only thing Futura can't do is find 
a parking spot. On the road, these sen- 
sors constantly monitor distance to 
nearby vehicles and obstacles to pro- 
vide advance warning of potential 
hazards.—D. Scott 


European GT 


The GT (Gran Turismo or Grand Tour- 
ing) badge has been used on automo- 
biles for more than 80 years, but it 
shows no sign of falling out of favor. 
In Frankfurt, General Motors’ Euro- 
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реап affiliate Opel introduced 
its new Calibra 2+2, which 
brings the latest technology to 
bear on the design of a Conti- 5j 
nental grand touring machine. 
The shapely Opel is about the 
same size as the Ford Probe and, 
like most 5 in its class, is powered 
by atransverse-mounted four-cylinder 
engine driving the front wheels. As a 
newcomer into an already crowded 
field, the Calibra offers a number of 
tantalizing features. Its bodywork has 
been polished to a fare-thee-well in the 
wind tunnel, resulting in a coefficient 
of drag rating of 0.26, the lowest of any 
production car on the road today. Spe- 
cial wind-cheating features include 
low-profile ellipsoidal headlamps that 
follow the grille's curve; low front air 
intake (the grille above the bumper is 
internally blocked); semi-flush side- 
window glass, which over- 
laps the B pillars; an ar- 
ray of spoilers and side 
skirts to direct airflow away 
from turbulent areas; and 
a highly tapered wedge- 
shaped profile. 

A pair of two-liter four- 
cylinder engines with fuel 
injection are available: one 
is a 115-hp SOHC design, 
the other a 16-valve DOHC 
150-hp power plant. They 
are backed up by two trans- 
mission choices—a conven- 
tional five-speed manual 
and an electronically con- 
trolled four-speed auto- 
matic. The automatic has 
three shift modes: economy, 
sport, and winter, where 
the car starts in third gear 


for a smooth takeoff on slippery 
surfaces. 

Four-wheel drive is available as an 
option (shown in cutaway above). The 
center differential mechanism contains 
hypoid and planetary gear sets, a vis- 
cous coupling, and an electronically 
controlled multi-plate clutch. The 
Calibra's front axle uses MacPherson 
struts while the rear is a semi-trailing 
arm design. Power rack-and-pinion 
steering and four-wheel disc brakes 


The power train and platform for the Porsche Panamericana come straight 

from the 911 Carrera 4; the engine is a 247-hp version of 3.6-liter flat six. The 
open-top body is made of carbon fiber and fiberglass, and the canvas roof and 
plastic rear window are easily removable. 


With a sleek 0.26-coefficient-of-drag rating, 
the svelte Opel Calibra cuts through the 
wind with semi-flush glass and tight aero- 
dynamic side skirts. The all-wheel-drive 
version (cutaway below) has the same high- 
output four-cylinder engine with center dif- 
ferential and viscous coupling; MacPherson strut 
front and semi-trailing-arm rear suspension. 


SEMI-TRAILING ARM 
DRIVE SHAFT 


MACPHERSON STRUT 


with four-channel anti-lock control are 
standard equipment. 

The exciting Opel Calibra presents 
a stark contrast when compared with 
the hoary 2+2 GTs that GM markets 
in the United States—the Chevrolet 
Camaro and Pontiac Firebird. Rumor 
has it that the new German GT was 
once considered as a replacement for 
these aging models, but that plan was, 
unfortunately, scotched. —D. Sherman 


Dr. Porsche’s 
birthday gift 


The striking Porsche Pan- 
americana was created as 
an 80th birthday present 
for Dr. Ferry Porsche, the 
company’s founder. The 
metallic-green sports car 
acted like a powerful mag- 
net, drawing throngs to 
Porsche’s compact display. 
Yet many turned and left 
with puzzled looks on their 
faces. What exactly is 
Porsche up to in this car? 
Underneath, the chassis is 
unaltered from the 911 Car- 
rera 4. The fiberglass and 
carbon-fiber coachwork is 
in no way innovative; the 
only interesting feature 

Continued 


POPULAR SCIENCE JANUARY 1990 | 33. 


Automotive Newsfront са 


The Peugeot 605 is built on the same platform 
as the Citróen XM and resembles a larger ver- 
sion of the auto maker's 405 sedan. The coef- 


being a removable combination roof 
and rear-window panel that zips into 
a fixed framework. 

The Panamericana name refers to 
the Carrera Panamericana open-road 
races of the early '50s, which stressed a 
car's reliability during long high-speed 
stretches over good and bad roads. Per- 
hapsthe company's Frankfurt message 
is as simple as this: Porsche has the 
technological might to endure the 
expected tough times ahead, and the 
durable 911 platform hasn't outlived 
its usefulness.—D. Sherman 


French sport sedan 


Peugeot's fortunes are fading fast in 
the American market but this Euro- 
pean auto-making giant has plans to 
change that with a new 605 sport se- 
dan. The French auto maker's top of- 
fering (about the same size as the 
BMW 535i) employs front-wheel drive 
for the first time. Power comes from a 
choice of two single-overhead-cam 
engines—a two-liter four-cylinder unit 
or a three-liter V6 —available in four 
states of tune. The base-carburetor- 
equipped four-cylinder power plant is 
rated at 115 hp, while the top of the 
range 24-valve V6 with fuel injection 
produces an even 200 hp. Power rack- 


ficient-of-drag rating ranges from 0.28 to 0.30. 
The luxury model will be powered by а 24-valve 
V6 when it makes its US. debut during 1991. 


and-pinion steering and four-wheel 
disc brakes are standard equipment, 
but no automatic transmission is of- 
fered at this time. 
There are a few interesting techni- 
| cal features in this French flyer. The 
coefficient of drag is a clean 0.28 on 
models with skinny tires, but that rises 
to 0.30 on better equipped 605s. The 
bodywork is shaped to produce mod- | 
| est amounts of down force at speed, 
without resorting to the use of add-on 
spoilers. In the four-cylinder engines, 
one overhead camshaft opens the 
valves by direct actuation through 
bucket tappets. The 90-degree V6 en- 
gines achieve even firing with stepped | 
crankpins; a chain-driven balance | 
shaft mounted within one cylinder 
head is designed to smooth engine op- 
eration. And the top-of-the-line V6 uses 
sequential port fuel injection and a 
three-stage variable-inlet system, both 
of which are controlled by the engine's 
computer. 

Conventional MacPherson strut sus- 
pension design is used in the front, but. 
Peugeot engineers devised an all-new 
multi-link layout for the rear axle. Two 
substantial control arms carry each 
wheel hub, and a separate link is pro- 
vided on each side for toe control. Short 
coil springs and sharply angled shock 


absorbers keep the rear suspension's 
overall height to a compact 11.4 inches. 
The top 605 is equipped with an elec- 
tronically controlled variable damping 
suspension system: Five vehicle sen- 
sors signal the control computer when 
to switch between soft and hard shock- 
absorber settings to optimize ride and 
handling. Power steering assist is also 
computer-controlled in the V6 versions 
of the 605. 

A Peugeot spokesperson advised me 
that the new 605 will probably go on 
sale in America sometime during 1991 
as either a '91 or '92 model. Assuming 
the price isn't inflated on the voyage 
across the Atlantic (the announced 
price range in Europe is $19,000 to 
$37,000), and an automatic transmis- 
sion is added, the 605 should be a fit 
contenderinthesport sedan class.— 
D. Sherman 


On the road again 


After Frankfurt, I traveled to Sweden 
to test drive Volvo's third-generation 


| turbocharged and intercooled four- 


cylinder engine on the 740 Turbo mod- 
el. Volvo engineers incorporated a 


| smaller turbine housing, a new exhaust 
| manifold, and appropriate adjustments 


to the ignition and fuel-injection sys- 
tems. These changes improve response 
and shift the horsepower peak from 160 
hp at 5,300 rpm to 162 hp at 4,800 rpm. 
Actually, the more important outcome 
is the hike in torque from 187 lb.-ft. to 
195 Ib.-ft. Full boost is now available 
at 1,800 rpm, and an optional "Turbo 
+” kit, which is standard on the 780 
Turbo Coupe, raises output to 188 hp 
at 5,100 rpm. 

While driving the recalibrated 740 
Turbo model, I was impressed by the 
smooth surge of its boosted engine. 
However, what this Volvo really needs 
is a modern five- or six-speed manual 
transmission to replace the outdated 
four-plus-overdrive gearbox, which 


Stretching the Mercedes-Benz midsize sedan by adding a 31-inch doors and seats on this concept conversion. The 18-foot-long limousine 


section to the middle provides enough room to install an extra set of 


can comfortably accommodate eight people. 
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the а European Ford Fiesta mini-hatchback, chop 
up the roof, and add a micro-pickup bed and 
you end up with the Ghia-designed Fiesta Be- 


has clearly outlived its usefulness.— 
D. Sherman 


Open-air Audi 


Audi enters the burgeoning ragtop fray 
with its as yet un-named convertible, 
the first ever in the modern history of 
the German car maker. The four-seat 
cabriolet is not a topless version of an 
existing model, but custom-built from 
the floor up, despite being roughly the 
same size and shape as the 90-Series 
car. The low boxy four-seater gives a 
touch of roadster feel, but with good 
wind protection from the windshield 
raked at an angle to minimize buffet- 
ing inside the car. Drive train options 
include both front-drive and Quattro- 
style four-wheel drive. 

Steel reinforcements brace the un- 
usually high front-seat head restraints 
to provide rollover protection, accord- 


bop concept car. Its 15-inch wheels raise ground 
dearance for a more rugged appearance, as well 
as mild off-roading. 


ing to Audi engineers. Backrests are 
strengthened by steel stampings that 
deform on impact to absorb the energy 
of a crash.—D. Scott 


Bebop pickup 


European Ford gets hip with the Fi- 
esta Bebop concept vehicle, a gaudy 
micro-pickup with a five-foot-long load 
floor and a removable tonneau cover. 
The cab window is hinged for added 
ventilation, and the entire rear bulk- 
head can be removed and left behind 
for a day in the sun. Rooftop spotlights 
form part of the adjustable luggage 
rack. Upsized 15-inch wheels raise 
ground clearance and add a modicum 
of off-road appearance, if not capabil- 
ity. The little two-seat pickup was pro- 
duced by the Ghia design house to test 
the waters for a low-volume vehicle 
that Ford would be able to build along- 


side the standard Fiesta hatchback. 
—D. Scott 


Entry-level Ferrari 


The Ferrari 348t replaces the low price 
328 at the bottom of the Italian car 
maker's range. Power for the “роог- 
man's Ferrari" comes from a mid- 
mounted longitudinal 3.4-liter 32-valve 
V8 that produces 300 hp. It's combined 
with a transverse gearbox in a novel 
Ferrari drive-line arrangement deve- 
loped in Formula 1 racing. The cross- 
wise five-speed transaxle is directly be- 
hind the engine pan in a compact 
layout that allows mounting the en- 
gine five inches lower for better cen- 
ter of gravity and improved handling. 
Unusually, the flywheel and twin- 
plate clutch are not on the crankshaft, 
but behind and above the transmission 
inside a separate readily removed hous- 
ing, again following racing practice. 
This aids in cooling the hard-worked 
clutch and allows for easy access and 
replacement. Engine input to the clutch 
is through an extension shaft passing 
ack through the gearbox, which re- 
turns via a coaxial shaft that termi- 
nates in a right-hand-turn bevel gear 
to the gearbox below. The 348 rockets 
to 62 mph (100 kilometers per hour) 
in 5.6 seconds, and can do 171 mph, 
according to Ferrari.—D. Scott 


Five valves for Audi 


Various engine manufacturers around 
the world have experimented with five- 
valve-per-cylinder combustion cham- 
bers for years. At Frankfurt, Audi, 

Гоуоќа, and Oettinger (an aftermarket 
engine tuner) all presented five-valve 
cylinder heads. The Audi design uses 
three intake valves and a pair of ex- 
haust valves. Why five valves? Five 
valves are better than two, three, four, 
or even six valves per cylinder because 
they provide optimal flow path for fluid 
entering and leaving the combustion 
chamber. Engineers call this flow path 
"curtain area," which encompasses the 
surface of the cylinder between the 
valve head and its seat. According to 
Audi, the four-valve combustion cham- 
ber's curtain area is 50 percent greater 


for intake and 72 percent greater for 


Continued 


ES The aim of the Audi cabriolet design study 


was to test the response of auto-show goers as a 
prelude to possible production. Bulky headrests 
are braced with steel reinforcements for rollover 
protection, and the seats can absorb some of the 
energy of impact during a crash. 
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hen it comes to pick- 

ups, some buyers set 
| their sights higher. 
One look at the 1990 Sierra, and 
‘you'll see why that suits us at 
GNC Truck just fine. 
|. Sierra is the full-size pickup 
born and bred to be nothing less 
than the best truck we can bring 
you. Able to gojsst about any- 
where, with shift-on-the-fly four- 
wheel drive and the unmatched 
standard muscle and torque of 
the 4.3-liter Vortec V-6. Then 
stop just as surely with rear- 
|wheel anti-lock brakes. There's 
even a new sport handling pack- 
age available, with special low- 
profile tires and gas-charged 
Bilstein shocks. 

Of course, Sierra's also big on 
comfort. And its advanced, aero- 
dynamic styling is so far ahead 
of its competition, 4-Wheel & 
Off-Road magazine said, "it is 
now the benchmark against 
which all other products are 
being measured.” 

The 1990 Sierra from GMC 
Truck. It's the one pickup every 
other truck on the road has to 
live up to. 

For a catalog and the name 
of your nearest dealer, call 
1-800-VALUE90 
(1-800-825-8390). 
©1989 General Motors Corporation. 

GM and Sierra are trademarks of General 
Motors Corporation. All rights reserved. 
Let's get it together... buckle up. 


It's not just a truck anymore.« 


— m 
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exhaust over a typical two-valve de- 
sign. The five-valve advantage is 70 
and 82 percent, respectively. However, 
more isn't always better because with 
six valves the curtain area diminishes 
due to having to reduce the diameter 
of each valve to fit them all in. 
Ofcourse, curtain area isn't the only 
consideration; gas dynamics pla 
important role in how well су 
fill and empty. According to Audi tests, 
the five-valve design has a 30-percent 
advantage over some four-valve designs. 
Another interesting feature of the 
Audi valve quintet is that the center 
intake valve is offset outboard slightly 
from the camshaft plane. The cam lobe 
that opens this valve has an extra 
hump, which, in conjunction with the 
aforementioned offset, causes the in- 
take valve to open more quickly than 
it closes. Audi engineers have filed for 
a patent on this aspect of their design. 
Audi tested this technology at the 
track. In April of 1988, an Audi 200 
powered by an experimental turbo- 
charged 2.2-liter 25-valve five-cylinder 
engine ed at 600 hp set two world 
speed ords on a Nardo, Italy, test 
track: 3 mph for 625 mi nd 
201.6 mph for 500 miles. No plans have 
been announced for production, but the 
five-valve technology would give Audi 
a substantial leg up in today's heated 
horsepower war.—D. Sherman 


Newsbriefs 


* Mercedes-Benz has unveiled an ex- 
perimental hydrogen-fueled å 
four-cylinder engine that powe 
sedan. 


Under the carbon-fiber and aramid. 


liber body- 
work of the Zender Fact 4 is a mid-mounted 
448-hp Audi 3.5-liter V8 with intercooled tur- 


SPARK PLUG BH ` 
V YR 


EXHAUST 


VALVES 


To optimize engine breathing, Audi is experi- 
menting with the theoretically more efficient 


| three individually plumbed intake valves (yel- 


low tract) and a pair of exhaust valves (red 
tract) for a total of five engine valves. A cen- 
tral spark plug (shown in outline) ensures even 
burning of fuel. 


* The University of Michigan's fifth 
Delphi study of future trends in the 
automobile industry predicts that 
"Practically every new function envi- 
sioned in the years ahead will depend 
on electronic technology." One solution 
to the added power requirements: 24 


| or 48 volt electrical systems. 


* The Subaru Isuzu Automotive joint 
venture plant in I tte, Ind., has 
started operation with an initial vol- 
ume of 120,000 vehicles per year. The 
two Japanese auto makers have teamed 
up to produce Subaru Legacy sedans 
and station wagons, and Isuzu pick- 
ups under the same roof. u: 


bochargers. Race inspired quad exhaust plumb- 
ing enhances its power. The 0-to-60-mph time 
is 4.3 seconds, according to Zender. 
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By WILLIAM J. HAWKINS 


» 


GE scientists Paul Jacobs and Lisa Rau created 
SCISOR, an artificial intelligence program that 


Information overload 


“In the future, we can imagine the com- 
puter as a librarian who not only 
knows where all the information in the 
library is kept, but also has read and 
understood everything," says General 
Electric computer scientist Lisa Rau. 
Rau leans over the keyboard and be- 
gins to type. "Who received an offer 
from Bethlehem Steel?" flow the words 
to her question across the screen. The 
cursor darts to the corner of the next 
line, then stops for a moment as the 
computer begins its work. 

Rau is communicating with a pro- 
gram she developed with Dr. Paul 
Jacobs called SCISOR (system for con- 
ceptual information summarization, 
organization, and retrieval). The pro- 
totype data-retrieval software uses 
artificial intelligence not only to find 
the information you want, but to com- 
prehend it well enough to draw con- 
clusions and explain it to you. “A truly 
helpful information-retrieval system 
must understand what the user is 
looking for," says Rau. 

To test SCISOR, Rau and Jacobs at- 


reads text—and understands it. Currently, it's 
а business whiz. 


tach the computer to a syndicated 
financial news wire service to accumu- 
late the text from about 500 stories. 
The SCISOR program "reads" the sto- 
ries, categorizes fresh facts it learns, 


A Wafer Stack, made by using wafer-scale inte- 

gration, stores up to 40 megabytes of informa- | 
| tion. The solid-state package is smaller and 100 

times faster than mechanical disk drives. 


and adds them to its knowledge about | 
a subject. Result: The screen in front 
of Rau begins to spew the answer to 
her question: “Bethlehem Steel took 
over Rail Mill,” is displayed in a quick, 
assured reply. 

According to Rau, the program has 
a dictionary of 10,000 financial words, 
making it smart enough to understand 
natural language. For instance, the 
computer knows that a tender offer is 
not a friendly invitation to lunch. By 
changing its dictionary —or expanding 
it—the program could just as easily 
become an expert in any business field. 

“With the arrival of optical readers, 
which can feed large amounts of writ- 
ten copy into computers, all businesses 
will face the problem of information 
overload," says Rau. "The importance 
of SCISOR is that it can access infor- 
mation in summarized form. It's bet- 
ter than a library service." 


Digital wafers 

To make an integrated-circuit mem- 
ory chip, manufacturers print many at 
a time on a single six-inch-wide wafer. 
The wafer is then cut up and the re- 
jected memories—sometimes as many 
as 75 percent of them—are tossed 
away. Only the remaining devices are 
wired into separate integrated circuit 
packages. Now there's another way. 

Anamartic Ltd. of Cupertino, Calif., 
uses the entire wafer. Bad storage bits, 
which would cause an entire discrete 
chip to be discarded, are identified and 
not used in the whole-wafer circuit. Ac- 
cording to Anamartic’s CEO, David 
Hall, that means about 80 percent of 
the chips are usable. Also, because in- 
dividual chips are not needed, smaller, 
faster, and more economical memory 
systems can be made. 

Anamartic is using the technology 
to build Wafer Stacks. In one design, 
two wafers hold 40 megabytes of data; 
another contains a wafer controller. 
The combination creates a 40-mega- 
byte solid-state disk system that’s up 
to 40 percent less expensive than other 
solid-state memories and 100 times 
faster than conventional mechanical 
disks. 

Ina similar idea, Digital Equipment 
Corp. is using a new interconnection 
technique, called the High Density Sig- 
nal Carrier, that uses copper and pol- 
yimide to attach together up to 72 very 
dense semiconductor devices in a five- 

Continued 
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ADVERTISEMENT 


NEW LAB TEST REVEALS: SLICK 50 CAN CUT ENGINE WEAR IN HALF! 


Save Gas, Save Engine with 'POLY' 


The following introduces one of the 
most fully tested and credentialed gas 
saving, friction reducing engine treatments 
ever to reach the market! 

WHAT IS POLY? "Poly" is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1988 
Guinness Book of World Records (pg. 182) 
says: "The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene - equivalent 
to wet ice on ice. It was first manufactured in 
quantity by E.l. duPont іп 1943, and is mar- 
keted as Teflon.” 

The PetroLon Corporation, makers of Slick 
50, have invented a way to permanently bind 
“Poly” to your engine with one treatment. All 
you do is add one quart of Slick 50 to your oil. 
By reducing engine friction, Slick 50 increases 
gas mileage and horsepower and it reduces 
engine wear, defraying costly overhauls. 


Slick 50's credentials are impressive. 


Just this year the premiere engine and 
lubricant testing lab in the U.S. tested Slick 
50. This EPA approved lab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. They found that Slick 
50 can dramatically reduce engine wear by 
52% under average conditions and up to 
57% under maximum wear conditions. We 
know of no other Poly treatment on the market 
that has passed a wear reduction test con- 
ducted by an EPA approved lab using nation- 
ally accepted ASTM procedures. Watch out 
for those treatments that cannot back up their 
claims with such solid evidence. 

“Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does.” Consumers Digest, (March/April 1982, p. 35) 

Researchers at a nationally respected 
research laboratory, after applying a power- 
ful ultrasonic cleaning process to a Slick 50 
treated engine part, were surprised at its per- 
manence. They stated, “We actually expected 
the PetroLon Slick 50 “Poly” resin coating to 
also be removed, but later found it was still 
there.” 

The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. #33.49). 

TUV, a German testing laboratory with 
credentials every bit as prestigious as our 
Underwriters Laboratories, tested Slick 50 in 
1986. They found substantial increases in 
both gas mileage and horsepower. 

Atestdone at the San Diego State Univer- 
sity revealed that, "Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university." The Space 
Shuttle Columbia uses the chemical "Poly" 
inits gears and bearings because itis the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

Perhaps the most dramatic of all is a 
torture test overseen by the Automotive 


Mileage 
Booster 


Services Council for Pennsylvania. This 
test was shown on television station WTVE. 
Three cars with between 75,000 and 129,000 
miles on them, were treated with Slick 50. Six 
months later the oil was drained from each 
vehicle and the cars were driven without the 
oil plugs for about half an hour. The water tem- 
perature never rose and the engines sus- 
tained no apparent damage. 

How do you give an engine a “Poly” 
treatment? Very simply! Change oil and filter 
and substitute one quart of Slick 50 for the last 
quart of oil. (Add two quarts for engines with 
oil capacities of seven quarts or more.) 

Slick 50 gives a permanent coating so you 
need to treat your engine only once, and not 
each time you change your oil. Slick 50 is also 
excellent for turbocharged engines, alumi- 
num block engines and rotary engines. 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 

What are the benefits of Slick 50? Since 
there are many factors that influence an en- 
gine including the type of driving, tempera- 
ture, engine condition, oil change intervals, 
etc., the actual benefits in percentages will 
vary. However, by reducing friction, Slick 50 
does all of the following: Slick 50 increases 
gas mileage. Slick 50 increases 
- small economy cars and large RV's really 
need this! Slick 50 makes for easier starting 
(important in cold weather.) Slick 50 reduces 
operating temperatures, thus increasing the 
lubrication of your oil and the life of your 
engine. Since lubricating lead is being re- 
moved from gas, and unleaded gas is poor in 
lubricating qualities, this extra lubrication of 
Slick 50 on valve stems and guides is a 
real bonus. 


Last, but not least, the drastic reduction 
in engine wear can delay costly overhauls. 
These can often cost well over $1,000. Slick 
50 eliminates the “lubrication starvation” that 
all cars experience when you first start them, 
before the oil has a chance to circulate. Up to 
90% of engine wear can be caused by this 
starvation. You receive all these benefits for 
less than the cost of two tanks of gas ($39.95). 

Will Slick 50 harm my engine or affect 
my warranty? No! The base oil for Slick 50 
meets, or exceeds, every manufacturer's 
engine warranty requirements and carries an 
API service classification SG-CD. 

More Slick 50 products are available. 
These include Automatic and Manual Trans- 
mission treatments, Power Boost, Marine En- 
gine Treatment, Motor Cycle and Small En- 
gine Treatment, 2 Cycle Engine Treatment, 
Gas and Diesel Fuel Treatment and Grease. 
Free information sent on request. 


DOUBLE GUARANTEE! 
Guaranteed lowest price and guaran- 
teed satisfaction. If at the time of pur- 
chase you have seen Slick 50 adver- 


price, we will beat that price by $2.00 a V 
quart and you will still get your free (f 


with our Slick 50, within 4 months, send (f 
us a note and proof of purchase for a \\ 
full refund of purchase price. This makes и 
trying Slick 50 RISK FREE to you. We (М 
have been іп business for 10 years and № 
intend to keep our customers happy. (| 


Free DURALT FC sent with each order. 
Free shipping with orders of 2 or more. 


DEALERSHIPS AVAILABLE 


Easy Toll-Free number. 

To order your own Slick 50 friction reducer 
and free DURALT FC, call toll free 1-800- 
227-5425. Or send to 


E2454224 545, 5 К L 
US AUTOTECH 


IMANCE MOTC 


407 Del Rio Road, Berthoud, CO 80513. 


_—————— 
01 enclose $39.95 + $4 shipping for one qt. PS1 
D]Senóme. qts. of Slick 50 @ $39.95 ea. 


FREE shipping (2 or more) 
(Check  [jC.O.D. [) VISAMC/DISCOVER 


Card Exp. 


(Give Sweet Adóress for U PS. Delvery) 


City 


State. Zip. 


Teflon is a reg. trademark of Dupont. 


Electronics Newsfront са 


———— 


TNPANT MORTALITY (per 1888 births) 


inch-square package. The result is a 
packing density that's about 30 times 


Tour the world via computer: PC Globe 3.0 contains facts and statistics covering 177 countries. 


greater than conventional circuit board | 


techniques. The system is to be used 
іп the company's new VAX mainframe 
computers. 


Worldly computer 


Combine the United Nations’ Demo- 
graphic Yearbook, the World Bank’s 
book of economic indicators, the CIA's 
World Fact Book, and a world Atlas, 
and what do you have? Information 
—lots of it—about people and places 
all over the world. And to see those 


data quickly and easily, PC Globe Inc. | 


(4700 S. McClinpock Dr., Tempe, Ariz. 


Compaq's LTE portable computers are capable 
of replacing a desktop model. Options include 


85282) has created PC Globe 3.0. 
I began using the program by asking 
to see a map of the world. Then, using 
pull-down menus, I zeroed in on a 
variety of countries and cities. Geo- 
graphical information, elevations, pop- 
ulation, economics, politics, exports, 
religions, health statistics, and even 
tourist attractions are just some of the 
facts that can be requested and dis- 
played in seconds. Charts and maps of 
all kinds can be printed or saved as a 


file to be used with other programs like | 


PC-Paintbrush, Lotus 1-2-3, Ventura, 
and PageMaker. My only criticism is 
that it’s entirely menu operated. It 
would be nicer and faster if you could 
get more specific by merely pointing 


1.5-hour fast charger (left), external keypad, and 
external 5.25-inch disk drive. 


to a region on a map display. But PC 
Globe 3.0 is one of those rare programs 
that’s useful, educational, and fun. 
Price: $70. Yearly updated data disks 
are available. 

If you're interested in a bit more 
personal information, there's Wealth- 
Builder by Money Magazine. The pro- 
gram first tests your knowledge of 
financial areas by asking you 25 ques- 
tions in five different categories. Get 
any answers wrong, and you're told 
what parts ofthe included prerecorded 
videotape to review on the subject. 
Once you're financially knowledgeable, 
the program guides you through budg- 
eting and investments. Of course it 
takes money to make money: The pro- 
gram is $250. * 


Portable power 


“Now this is what I call a portable," 
says Compaq Computer Corp.'s presi- 
dent Rod Canion as he easily removes 
one of the company's two newest com- 
puters from his briefcase for all to see. 
"It's so light you could mail it anywhere 
in the United States for just $2.99," 
he jokes. While the weight of Compaq's 
new computers—six pounds with bat- 
tery—isn't startling by present stand- 
ards, and their 8.5-by-11-inch sheet- 


of-paper size doesn't make them tiny, | 


the overall packages won't seem much 
like a joke to competitors. Reason: They 
are truly full-size machines in porta- 
ble packages. 

The model LTE (with a 9.54-mega- 
hertz 80C86 microprocessor) and the 
LTE/286 (12-megahertz 80C286 micro- 
processor) both contain an internal 
20- or 40-megabyte fixed disk, a 1.44- 
megahertz 3.5-inch diskette, a full-size 
keyboard, and an optional built-in 
modem. Both models run for 3.5 hours 
on one battery charge. Prices begin at 
$2,999 and go to $4,999. 


Write-on PC 

The specifications read like a typical 
new portable computer: PC compati- 
ble, 4.5 pounds, and in a clipboard-size 


package just 1.4 inches thick. But 
GRiD's new GRiDPad is closer to a real 


clipboard than any other portable. | 


Why? You enter data by writing on it. 

The computer's 10-inch LCD screen 
is sensitive to the touch of the unit's 
electronic pen. Use it to write a char- 
acter or number, and the computer's 
software recognizes your strokes as if 
you had typed the character on a key- 
board. You don't like printing? Then 
tap the screen twice, and a graphic key- 
board is displayed. Then touch a *key" 
with the pen to enter characters. You 
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can also use the pen to draw pictures 
—they can be saved on the unit's one 
megabyte RAM or on a removable 
RAM card (256 kilobytes or 512 kilo- 
bytes of data storage) for recall and 
transmission via a built-in modem. 
According to its makers, the GRiDPad 
is intended for people who usually 
work standing up, filling out forms: 
doctors, nurses, police officers, deliv- 
ery people. Information can be writ- 
ten into the computer, and, perhaps 
more importantly, graphics can be 
added and saved. A delivery person 
could record a signature, for example. 
In one demonstration I saw, a police 
officer filled out a form and drew a pic- 
ture of an accident. Special software 
contained predrawn images of cars, 
trucks, and roads. He merely selected 
what he needed, pieced them together 
on the screen, and drew any additions. 
The GRiDPad is not the first com- 
puter to recognize printing. (Script 
writing is still beyond software recog- 
nition.) Like earlier print-recognition 
systems, it takes about two seconds for 
the system to recognize a character. 
But unlike the others, it will recognize 
anyone's printing—no training cycle 


Just print or draw: The GRiDPad portable com- 
puter recognizes writing and accepts your draw- 


is needed. Also, from what I saw, it’s 
tolerant of even the sloppiest printing. 
If a human being can read it, the 
GRiDPad can too. 

The GRiDPad is not the future 


ings as graphics. They then can be stored, dis- 
played, or printed later. 


speedy writing-tablet computer that 
has been predicted, but it is clearly a 
new beginning for the majority of peo- 
ple unaccustomed to computer literacy. 
Starting price: $2,370. 


“Cambridge SoundWorks May Have 
The Best Value In The World. A Winner” 


David Clark, Audio Magazine, Sept. '89 

ч матан ой bass tha 

d compact woofer units produce the t 
normally requires large speakers. 


Henry Kloss, creator of the 
dominant speaker models 
of the '50s (Acoustic 
Research), '60s (KLH), 
and TUS Hee inas 
d 


Cambridge Sound Works has created Ensemble" 
System that provides the sound once reser- 


Siri osy eae ied ci 


Ensemble costs hundreds less than it would in stores. 


7 


Your living room works _ 
with Ensemble, not against it. 
No matter how well a speaker performs, athome 
your room takes over. Putting other: where 
theroom hebsthe ass may hinder upper 
or vice-versa. Ensemble consists of four units: two 


satellites. 


Try Ensemble in your home 
risk-free for 30 days. 

epee ara «by helpful, 
experienced Soyoucan п 
Brsenble ther ey in you home БЕЛО days, 
with no risk, no salesman hovering nearby. At $499* 
it is che value on today's speaker market. For litera- 
ture, expert advice, or to order, call 1-800-252-4434 
9 AMto Midnight, (ET), seven days a week. 

Canada 1- SECUS HOA RIS 617-332-9229. 


Toucan put Ensembles low frequency, 
speakers because you have to be concerned about the upper) 


units exactly where. 


should go for superb bass. You cant do this with conventional 
‘coming from. 


the same enclosures as the low ones. 


Cms SOUNDWORKS 
Suite 126.) ,154 California St., Newton, MA 02158 
| О Send more information and test reports. | 
0 Send Ensemble risk-free for 30 days, for $499* 

О Send an Ensemble Gift Certificate for $4997 
Tmpayingby O Check OMC О Visa O AmEx 
Acct. Number. 

| Signature. 


| 

| 

с! 

| Name | 
| 

| 

| 


[н 
шу. State. Zip. 
Phone (Area Code). Number. 


| FOR IMMEDIATE SERVICE: 1-800-AKA-HIFI. 
We ship worldwide, including APO & FPO. 
„Малаа кыша. 
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Home Newsfront 


By MARIETTE DiCHRISTINA with Janet Donnelly, Marcelle M. Soviero, and Judith A. Yeaple 


Where there's (nearly) 
no smoke... 


Fired by new federal regulations that 
took effect last year, wood-stove man- 
ufacturers are producing cleaner-burn- 
ing stoves. Adding catalytic convert- 
ers has been one common solution, but 
the devices require frequent replace- 
ment and can be damaged easily. Now 
one company, Aladdin Steel Produc 
has developed a line of wood stoves 
called Quadra-Fire that meets govern- 
ment standards without using a cata- 
lytic converter. 

Catalytic converters, which burn 
wood smoke, must be replaced every 
10,000 operating hours, or about ev- 
ery 14 months, and can be ruined if 
anything other than wood is burned. 
“You can't use anything but unleaded 
gasoline in a car with a catalytic con- 
verter," says Michael Hoteling, one of 
the Quadra-Fire's designers. “In the 
same way, you can't place newspaper 
orother printed matter in a converter- 
equipped wood stove because the ink 
contains lead." 

In comparison, the non-catalytic 
Quadra-Fire is less costly and offers 
other benefits, says Hoteling. The stove 


burns both wood and particle-laden 
smoke, thus reducing the amount of 
smoke released to the air (see caption 
for how it works). And because it uses 
the energy in smoke, the stove needs 
less fuel and has a good 70.6-percent 
burn-efficiency rate, claims maker 
Aladdin Steel. 

The Quadra-Fire releases 6.2 grams 
of particulates, or polluting smoke par- 
ticles, into the air per hour. That is be- 
low the current maximum 8.5 for no: 
catalytic stoves, as well as the 7 
grams per hour mandated by Phase II 


The glass door on the Aladdin Quadra- 
Fire wood stove shows off the multi-color 
flames—the result of precise air injection 
at four points. The cutaway (insert) shows 
the airflow paths: Primary air enters 
from the rear El, and flows to the base of 
the fire. During primary combustion, the 
wood is burned and turned to smoke. 
Secondary air that enters at the top of 
the door E flows across the glass to 
keep soot from settling. As the warm 
secondary air meets the smoke at the 
top of the door, secondary combustion 
(the burning of the smoke) begins. More 
air enters in the upper rear of the firebox 
El; this preheated fresh air mixes with 
the smoke to continue the secondary 
combustion. The final air inlet is the 
stainless-steel manifold E. А baffle of 
fire brick and steel at the top of the 
firebox El channels the smoke and keeps 
the temperature high so that the smoke 
will burn. The fuel-consumption, or burn 
rate, is adjustable. 


of the regulations, which take effect 
this July. But it is above the maximum- 
tandards for wood stoves 
lytic converters—5.5 grams 
per hour now, and 4.1 grams per hour 
in July [“Wood Stoves Must Clean Up 
Their Act,” Dec. '88]. 

Hoteling s new stoves that release 
as little as 2.1 grams per hour have 
been developed by Aladdin Steel, and 
will be introduced this spring. “We 
added two more stainless-steel mani- 
folds, and other features, to burn more 
of the smoke,” he says. He adds that 
the stoves have undergone testing and 
been certified by the EPA, 

he Quadra-Fire is lable in two 
sizes and as fireplace inserts. Price 
range: $869 to $1,039, depending on 
size and model. Additional-cost options 
include a gold-plated door and accent- 
ing and a fan for forced-air convection. 
Aladdin Steel Products, 401 N. Wynne 
St., Colville, Wash. 99114.—J. D 


Quit smoking, diet, and... 


Like many of us, home-appliance man- 
ufacturers are beginning this year with 
a resolution—albeit one from the gov- 
ernment. Starting Jan. 1, new stand- 

Continued 
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How to build а high-paying career, 
even a business of your own, 
in computer programming. 


CARL BARONE, 
NRI PROGRAMMER/ANALYST 


Start with training that gives you 
hands-on programming experience 
—at home and at your own pace. 
Training that begins with BASIC, 
then continues with Pascal, C, and 
COBOL-today's hottest computer 
languages. Training that even 
includes a powerful IBM-compatible 
computer, modem, and program- 
ming software you keep. 

Start with real-world training. 
The kind of training only NRI 
provides. 


Now with NRI's new at-home training 
in Computer Programming, you can be 
one of today's highly paid, creative 
team of computer wizards who give 
computers the power to carry out an 
astonishing range of business, profes- 
sional, and personal applications. Now, 
with NRI, you can be a computer 
programmer, ready to build a high- 
paying career —even a business of 
your own — making computers do 
anything you want them to do. 


baud internal modem, 512K RAM, 
disk drive, monitor, and invaluable 
programming software— BASIC, Pas- 
cal, C, and COBOL- all yours to keep. 
You get the experience and the 
know-how, the computer and the 
software to get to the heart of every 
programming problem, design imagi- 
native solutions, then use your choice 
of four key computer languages to 
build original, working programs. 

No matter what your background, 
NRI gives you everything you 
need to succeed in programming, 
today's top-growth 
computer career field. 

You need no previous experience to 
build a successful programming career 
with NRI training. Indeed, your NRI 
lessons start by walking you step by 
step through the fundamentals, giving 
you an expert understanding of the 
programming design techniques used 
every day by successful micro and 
mainframe programmers. And then 
the fun really begins. 


C, and COBOL. Then, rounding out 
your training, you use your modem to 
“talk” to your instructor, meet other 
NRI students, even download pro- 
grams through NRI's exclusive pro- 
grammers network, PRONET. 


Your career in computer 
programming begins with 
your FREE catalog from NRI. 


For all the details about NRT's at-home 
training in Computer Programming, 
send the coupon today. Soon you'll 
receive NRI's fascinating, information- 
packed, full-color catalog. 


Open it up and you'll find vivid 
descriptions of every aspect of your 
NRI training. You'll see the computer 
system included in your course up 
close in a special, poster-sized foldout 
section. And, best of all, you'll find out 
how your NRI training will make it 
easy for you to build that high-paying 
career—even a business of your own—in 
computer programming. 


You master today's hottest computer languages, galning the skills you need to 
bulld programs for a wide varlety of real-world applications. 


With your personal NRI instructor 
on call and ready to help, you use your 
computer and software to actually 
design, code, run, 

debug, and 

document 
programs in 

BASIC, Pascal, 


Send for your NRI catalog today. 
It's yours, free. 

If the coupon is missing, write to us at 

the NRI School of Computer Program- 

ming, McGraw-Hill Continuing Educa- 

tion Center, 4401 Connecticut Avenue, 

NW, Washington, DC 20008. 


IBM is a Registered Trademark of the IBM Corporation 


The only programming course Tp—————————————————— 
that includes a powerful 

computer system and Afros School of Computer Programming [ 
software you keep. McCrae Hil Continuing Education Center Ut | 

Р : innecticut Avenue, Г) 
Unlike any other school, NRI gives Washington, DC 20008 ia | 
you hands-on programming ex- [ 
perience with a powerful IBM- YES! Please rush me my FREE catalog describing NRI's і 
compatible Packard Bell com- at-home training in Computer Programming. | 
puter system, including 2400 I 
NAME (please print) AGE і 
ADDRESS і 
Only NRI gives you an IBM-compatible computer with modem, і 
512K RAM, disk drive, monitor, and software—BASIC, Pascal, C, CITY/STATE/ZIP 51200 | 
and СОВО al yours to көөр! -——| 777070 ee 
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Fast fix for copper pipes: Smooth the break with 
emery cloth, paint it with lead-free flux, cut a 
strip of lead-free solder-coated copper sheet to 
size, and wrap it around the break (top). Clamp 
on the two-piece heat jacket and plug in the 
cartridge heater (middle). In five minutes, the 
repair sheet is soldered, and you can remove the 
heat jacket (bottom). Everything needed is in 
the Fix-A-Pipe kit. 


ards require that many major appli- 
ances be 10 to 30 percent more efficient 
than previous models. The mandates 
are now part of the National Appli- 
ance Energy Conservation Act of 
1987. 

One-third of all the electricity pro- 
duced in the United States is said to 
be consumed in homes—refrigerators 
alone account for five percent of the 
total U.S. energy consumption. The 
government estimates that the new 
guidelines will save consumers a total 
of $28 billion over the lifetime of the 
products, or $300 per household, al- 
though the initial investment for the 
appliances is likely to be higher. 

The new guidelines represent the 
second stage of the act. Standards for 
clothes washers and dishwashers took 
effect Jan. 1, 1988; central air condi- 
tioners and furnaces, which are larger 
and require more time to be adjusted, 
have until 1992. 

If you want to learn more about the 
guidelines and which appliances are 
the most cost-effective to run, you may 
want to order a booklet called “The 
Most Energy-Efficient Appliances,” 
from the American Council for an 
Energy-Efficient Economy (Suite 535, 
1001 Connecticut Ave. N.W., Washing- 
ton, D.C. 20036). It's $3. 


A prescription for pipes 

With a new kit, you will no longer have 
to wait for a plumber if a copper water 
pipe bursts—you'll be able to make the 
repair yourself in 15 minutes, claims 
Fix-A-Pipe. 

"The kit was invented by Atlanta 
plumber Tom Dubey to make fixing 
copper pipes easier and safer," says 
Paul Paris, president of the company. 
"Before, you often had to hacksaw off 
the broken part, put in a new piece of 
pipe and couplings, and use a blow- 
torch to solder the entire thing 
together. 

"But it takes a bit of skill to use a 
torch, and there's always the danger 
of fire. And the small amount of water 
left in the pipe could turn to steam that 
can blow out couplings." 

He says those problems won't occur 
with the repair kit, which uses an elec- 
tric cartridge heater and heat jacket 
that remind me of a waffle iron to 
clamp and solder permanently a new 
copper sheath over the broken pipe (see 
caption). The resulting repairs are 
water-pressure tested to 600 psi. The 
kit costs $30 and will enable multiple 
repairs of ¥2- and %-inch pipes at less 
than 75 cents per job, claims Fix-A- 
Pipe (4710-A Ecton Dr., Marietta, Ga. 
30066). 


FRT plywood: a problem? 


Fire-retardant-treated plywood was in- 
itially intended to offer safety and cost 
advantages over other noncombustible 
materials [^Lumber That Won't Burn," 
March '85]. But evidence shows that 
FRT plywood used as roof sheathing 
can weaken significantly under certain 
conditions. How much? According to 
the USDA Forest Service, in the worst 
cases, the roofs have to be replaced. 

It turns out that the fire retardant 
itself is the culprit. High temperatures 
from sunlight and moisture from rain 
or water transferred from the interior 
of the house can prematurely activate 
the chemical, which then degrades the 
wood, making it dark, brittle, and 
crumbly. 

If you've used FRT plywood or plan 
to in the future, you may want to read 
a booklet called “Choosing and Apply- 
ing Fire-Retardant-Treated Plywood 
and Lumber for Roof Designs," by 
Susan Le Van and Mary Collet of the 
Forest Products Laboratory (One Gif- 
ford Pinchot Dr., Madison, Wis. 53705- 
2398). It details the problem and has 
guidelines for selecting and using FRT 
plywood in roofs.—M. M. S. 


Cutting CFC use 


A new technology may be good news 
for ailing Mother Nature: Union Car- 
bide's Specialty Chemicals Division 
has found a way to eliminate the use 
of chlorofluorocarbons (CFCs) in the 
manufacture of polyurethane foam. 
(The company joins Dow, which has cre- 
ated a new method for making its Sty- 
rofoam polystyrene foam, in finding 
ways to manufacture without using 
CFCs [“НМЕ” Dec. '88].) Scientists 
blame CFCs in the upper atmosphere 
for the breakdown of ozone, a layer of 
gas that filters out harmful ultravio- 
let rays that would otherwise strike 
Earth. 

Traditionally, manufacturers have 
used CFCs, known as auxiliary blow- 
ing agents, to create uniform suppor- 
tive air cells in foam. “Let me compare 
it to bread making," says Dr. John 
Televantos, director of research and 
development for the Specialty Chem- 
icals Division. “There has to be a gas 
released to form the little bubbles that 
make the bread rise. In the same way, 
CFCs allow bubbles to form in foam." 
Because the CFCs are then released 
to the atmosphere they are not con- 
tained in the foam itself. 

The new method of making foam 
without CFCs, says Televantos, “is es- 
sentially the same as used previously, 
but we have changed some of the in- 
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Plastic Grip-Tite wall anchors from JTB Inc. сап 
be hammered directly into drywall, and used in 
masonry by drilling a ?/«-inch pilot hole. When 


gredients. In fact, the gas released by 
the new process is carbon dioxide, or 
CO,—the same gas yeast releases in 
bread dough." Televantos notes that 
СО» released would not significantly 
contribute to the greenhouse effect. 
“Му calculations show that CO; emis- 
sions from the process would add only 
one-ten-thousandth of a percent to 
worldwide CO; emissions," he says. 

Two grades of foam have been de- 
veloped: a premium high-grade foam 
dubbed Ultracel, and a standard- 
grade foam, Geolite, for use in furni- 
ture, carpet underlays, and packaging 
materials. 

Televantos says the process using 
CO; could markedly reduce CFCs re- 
leased into the atmosphere. "The total 
worldwide use of foam is about three 
billion pounds per year," he says. 
“When you think of how light foam is, 
that's an incredible amount." If all 
foam makers adopt the new method, 
Union Carbide estimates that a 10- 
percent reduction in worldwide use of 
CFCs could result.—J. A. Y. 


Info mart 


* With the winter weather, you're 
probably spending a great deal of time 
indoors—in fact, up to 90 percent of 
your days, says the Air-Conditioning 


special nails or screws are inserted, the anchors" 


fins expand to lock into the wall, without caus- | 


ing any in-wall damage. 


and Refrigeration Institute. That's why 
you should know that regular replace- 
ment of air filters is the easiest way to 
keep your indoor air fresher and your 
central heating or air-conditioning unit 
running efficiently. A free pamphlet 
from the institute summarizes the lat- 
est information about filters and their 
function. Address: ARI, Dept. F-12, 
1501 Wilson Blvd., 6th Floor, Arling- 
ton, Va. 22209. 

* Another effective way to reduce 
home heating and cooling costs, as well 
as to keep out unwanted moisture, is 
proper caulking and sealing around 
your house. The “Caulking and Sealing 
Home Improvement Guide” is a free 
booklet from DAP Inc. (Box 277, Day- 
ton, Ohio 45401-0277) that details 
where and how to apply the compounds. 


An anchor for walls 


The Grip-Tite plastic wall anchor can 
be hammered directly into drywall. As 
a result, it installs more quickly than 
most metal anchors and won't damage 
walls, in-wall plumbing, or electrical 
systems, says maker JTB Inc. The an- 
chor is being used in the recently 
opened GE Plastics' concept plastic 
house in Pittsfield, Mass. [Cover story, 
Aug. '88; "What's News," this issue]. 

Tom Ford, vice president of market- 


| ing for JTB, explains why Grip-Tite 


won't damage drywall. "The fluted end 
is like an apple corer,” he says. "It cuts 
cleanly through the paper and gypsum. 
Then the fins expand on the back, and 
that's where you get your holding 
power.” And because Grip-Tite is plas- 
tic, it deflects off in-wall systems, caus- 
ing them no harm, claims JTB. 

Molded of Noryl resin from GE Plas- 
tics, Grip-Tite accepts JTB's Tie-Wrap 
Nail (which is slotted to accept tie 
wraps for harnessing wiring) or Deco- 
rator Nail and screw sizes from No. 6 
to No. 14 and fits all thicknesses of 
drywall. Because drilling isn't needed 
for drywall use, installation is 50 per- 
cent faster than with metal anchors, 
says JTB. Small holes are required to 
insert the anchor in masonry, however 
(see caption). Once the screw or nail is 
removed, the fins retract, allowing the 
anchor to be pulled out. Price? About 
15 cents each. JTB Inc., 300 N. Michi- 
gan St., South Bend, Ind. 46601. 


Better (?!) mousetrap 


The problems: Spring traps can be 
messy and dangerous; poison can leave 
little bodies behind walls, causing odor 
and sanitation problems; and glue may 


| not work (or, gulp, the mouse gets one 


tiny paw stuck and drags the trap 
around the house or bites you when 
you try to dispose of him and the trap). 

What's a mouse-plagued homeowner 
to do? Whole Systems Design offers an 
answer for the vindictive and human- 
itarian alike: X-Terminator, which 
leaves the rodents conveniently pack- 
aged in a colored-plastic container. 

When the mouse enters the small 
rectangular trap to reach the bait, he 
steps on a treadle and a little spring- 
loaded "door" slams shut. Voilà, you 
can discard the mouse and trap with- 
out touching the animal. The maker 
recommends you toss the box, wrapped 
in layers of newspaper secured with 
tape or string, because the mouse may 
have Lyme-disease-carrying deer ticks 
or other parasites. If you're feeling 
kindly, though, you can release the ro- 
dent—the farther from home, the 
better. 

PoPuLARScIENCE Senior Editor Tim 
Bakke used the trap—with mixed suc- 
cess: "I found the door closed, the 
cheese gone, and no mouse. After three 
tries, I caught the mouse and released 
it in the woods, a few miles away" 

X-Terminator comes in blue, green, 
pink, purple, light smoke, and dark 
smoke. (Company literature suggests 
you might select a color to match your 
rug.) Whole Systems Design, Box 308, 
Lorton, Va. 22079; about $1. ui 
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TOYOTA TRUCKS 


“You'll never catch me 
inanyother truck” 


For some people, only the best is good enough. If youre 
one of them, no doubt your next truck will be Toyota's 
Xtracab SR5 V6. Named “Truck of the Year" by Motor 
Trend* Sport Truck magazine calls it “the closest 
thing to a sports car with a bed?** And no wonder. The 
responsive 30-liter V6 generates 150 hp and 180 ft.-lbs. 
of torque. And new for 1990, a rear Anti-lock Brake 
System (ABS) adds even more performance. So don't 
get caught in anything less. And chances are, you 
won't get caught at all. 


“Toyota, I love what you do for me.” 


Call 1-800-GO-TOYOTA for more information and the location of E Pou КӨРЕ dealer. 
*Motor Trend, 4/89. **Sport Truck, 9/89. Get More From Life..Buckle Ир, ~~" T 


775-7 71989 Toyota Motor Sales, U.S.A. Inc. 
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CLEAN-AIR FUELS 
FOR THE "90s 


The enemy is urban smog: Alternative fuels—natural gas, ethanol, 
reformulated gasoline, methanol, and even electricity—are the pos- 
sible weapons. The quality of the air we breathe in the 21st century 
will be determined by the outcome of this battle to clear the air. 


\ REFORMULATED GAS 
METHANOL | ELECTRICITY АУ "nosey J 


| 
MURAL eas LETHANOL 


SCOTT POLLACK 


By PHILIP E. ROSS 


hen it’s springtime in 

the South, cold weath- 

er doesn't come to you; 

you have to go to it. 

That’s what Jim Haw- 
kins did late last March with a bunch 
of fellow engineering students, 

“It was a typical college project, a 
month behind schedule, and we had 
to find a way to test our car for cold- 
starting,” he said. “Teams from some 
of the other schools had cold rooms, 
but our only bet was to drive up 
Clingman’s Dome, 6,600 feet up in 
the Great Smokey Mountains. It’s the 
highest place in Tennessee that you 
can get to easily.” 

The 20 students from the Univer- 
sity of Tennessee, in Knoxville, were 
working 50-hour weeks to convert a 
Chevrolet Corsica to run on a mixture 
of 85 percent methanol and 15 per- 
cent unleaded gasoline in a cross- 
country rally sponsored by General 
Motors and the Society of Automo- 
tive Engineers to promote alternative 
fuels. 

With smog inundating many of our 
metropolitan centers, auto makers, oil 
companies, and federal regulators are 
looking at a whole range of automo- 
tive fuels that spew less pollution into 

Continued 
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the atmosphere. The best candidates 
for clean-air fuels are natural gas, 
methanol, ethanol, hydrogen, reform- 
ulated gasoline, and electricity. At this 
point, methanol appears the most like- 
ly one to make the trip soonest from 
the labs to the highways. 

The Methanol Marathon wasn't just 
a school project. It was also a test of 
methanol as a practical automotive 
fuel under real-world conditions. A 
month after the student-prepared cars 
crossed the finish line, President 
Bush endorsed an air-pollution reduc- 
tion plan that mandates the use of 
1,000,000 alternate-fuel cars, the bulk 
of which will likely rely on methanol. 

Methanol is the top candidate due 
to its easy conversion from plentiful 
natural gas and reduced emissions of 
hydrocarbons and nitrogen oxides 
—both components of smog. How 
methanol-fueled cars will run; how 
much they'll pollute; where their fuel 
will come from; and how much it will 
cost are the questions on everybody's 
mind. The answers to these and other 
pressing questions will determine 
methanol's future as an automotive 
fuel. There's no better place to begin 
than at the starting line of the Meth- 
anol Marathon. 

GM provided each college team with 
a Chevrolet Corsica equipped with a 
2.8-liter V6 engine and a conversion 
kit that included a stainless-steel fuel 
tank and other parts specially de- 
signed to withstand the corrosive ef- 
fects of methanol. Other sponsors pro- 
vided student teams with access to 
dynamometers and diagnostic instru- 
ments to observe combustion and sniff 
out exhaust pollutants. The teams 
competed for points in average speed 
and fuel economy over the 1,100-mile 
rally route, beginning at GM's Tech- 
nical Center in Warren, Mich., and 
winding through Toronto, N.Y., Dela- 
ware and finishing at the University 
of Maryland's College Park campus. 
Other points were awarded for fastest 
acceleration and lowest noise and tail- 
pipe emissions. 


awkins says the University of 
Tennessee's victory, finishing 
ahead of 14 rivals, came from 
simple hard work rather than any 
technical tour de force. Perhaps that 
is the greatest lesson the auto com- 
panies can learn from these neophyte 
engineers: “It was eighty percent at- 
tention to detail and doing reasona- 
ble, conservative things, like chang- 
ing the gear ratio to conserve fuel in 
fifth gear," according to the student 
engineer. 
“We knew a lot of schools would in- 
crease the compression ratio above the 
Stock 8.9 to one," says Hawkins, who 
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JOHN B. CARNETT 


HOW FUEL FUEL RATING | COMP. RATIO 
THE GASOLINE 87-92 OCTANE 9:1 
M-85 (85% METHANOL/ 
C S 15% GASOLINE) EXE Bs 
DIESEL 40-60 CETANE -20:1 


notes that methanol's high octane lets 
it burn smoothly at higher compres- 
sion than gasoline will tolerate (see 
chart). *But we used turbocharging be- 
cause it only works on full power. So 
on normal driving you get lower fuel 
consumption and more docile perform- 
ance.” These modifications sped the 
University of Tennessee car from a 
standing start to 500 feet in 8.1 sec- 
onds, just one-tenth of a second be- 
hind first-place Concordia College, 
which was also powered by a turbo- 
charged engine. 

But the Tennessee team clinched 
its victory and a large portion of the 
$20,000 prize fund by taking first 
place in both emissions and fuel econ- 
omy, at 19.9 mpg. "That doesn't sound 
very good,” Hawkins allows, “but re- 
member that's equivalent to more 
than thirty-eight miles per gallon of 
gasoline" You need nearly twice as 
much methanol as gasoline to go from 
here to there because it has a lower 
energy content: 65,000 Btu per gal- 
lon versus 116,000 Btu for gasoline. 
This is partially offset by methanol's 
better combustion efficiency, but not 
enough to avoid the need for a bigger 
fuel tank or a lot more pit stops. “You 


might as well get used to pumping 
twice the fuel into the car," says 
Hawkins. 

These larger fuel tanks would like- 
ly take some space out of the trunk 
or the passenger compartment. And 
though engineers say some space up 
front could be saved by installing a 
smaller engine optimized for metha- 
nol's unique properties, there is no 
way to avoid sacrificing range, roomi- 
ness, or both. 

Huge fuel tanks are out of the ques- 
tion for the first generation of produc- 
tion methanol cars because their de- 
signs are based on existing gasoline- 
fueled models, such as the Chevrolet 
Lumina and Ford Taurus. Still, de- 
signers expect to be able to squeeze 
in a few more gallons by making tanks 
out of methanol-tolerant fluorinated 
plastics that can be molded to exploit 
every unused nook and cranny of the 
car's body. 

But of greater concern is whether 
methanol, or any of the other alter- 
nate fuels for that matter (see box), 
can make an impact on the nation's 
smog-shrouded cities. Says Karl Hell- 
man, chief of emissions controls at the 
EPA's testing facility in Ann Arbor, 


indergoes pollution 
testing at the EPA's Ann 
Arbor, Mich., test facility. 
Early indications show 
pollution control-equip- 
ment lion and 
increased emissions. The 
Methanol Marathon win- 
ning entry (left) showed 
that well thought out, 


ENERGY CONTENT | MAJOR EMISSIONS| SOURCE | 
116,000 Btu/GAL. HC, NOx, CO,, CO | PETROLEUM | 
62,000- NATURAL 
66,000 Btu/GAL. FORMALDEHYDE, CO, | GAS WOOD, BIOMASS | 


PARTICULATES, 


130,000 Btu/GAL. ALDEHYDES, NOx, CO, 


Mich.: “Methanol, natural gas, and 
electricity are the leading candidates 
for clean-fuel cars—methanol is cited 
most as the example, but it doesn’t 
mean other fuels can’t do the job.” 
Still, Hellman acknowledges that 
methanol seems the likeliest candi- 
date for wide-scale application in the 
short run, though natural gas vehi- 
cles may make sense for high-mile- 
age fleet users with central refueling 
stations. 

The first methanol cars will be able 
to burn a variety of blends, from 
straight gasoline to M85—a 100 oc- 
tane methanol blend containing 15 
percent gasoline. That solves the prob- 
lem of distributing a fuel for which 
there will be a small initial demand, 
but at the cost of optimizing perform- 
ance for a particular blend. GM calls 
this solution "variable fuel," Ford calls 
it "flexifuel," and Chrysler calls it 
“gasoline-tolerant methanol," but they 
all work in a similar way. Key to ad- 
justing for a variety of fuel mixtures 
is an electronic system that continu- 
ously tests the fuel. An optical or 
electrical-field sensor determines the 
gasoline-methanol mix, and feeds the 
data to the engine's control computer, 


which automatically adjusts fuel in- 
jection and spark timing to get the 
most out of each mixture [“The Any- 
Fuel Engine," Feb. '89]. 

Methanol, called wood alcohol be- 
cause it was once made from wood 
chips, has an octane rating of 110 in 
pure form. That lets it burn without 
knocking at higher pressures than 
even premium gasoline can tolerate. 
“Racers have known this for years, be- 
ginning in boats—that's where I got 
my first experience with it," says Ro- 
berta J. Nichols, a senior engineer at 
Ford and an amateur racer on rivers 
and roads. "Its molecules are smaller 
than the hydrocarbons in gasoline, so 
you can squeeze more into the engine. 
A professor I knew at [the University 
of California at] Berkeley used to call 
it ‘chemical supercharging: " 


power by raising compression ra- 
tios as high as 12:1, exploiting 
pure methanol's high octane rating. 
The student-modified cars in the 
Methanol Marathon couldn't raise ra- 
tios so high, though, because they ran 
on M85. 
There are reasons, unique to meth- 


$: added that racers get more 


anol's properties, why some gasoline 
needs to be added: 

eGasoline helps cold starts by rais- 
ing the volatility of the fuel from the 
low level of pure methanol. Unlike 
methanol, gasoline is a complex blend 
of hundreds of compounds with differ- 
ent vaporization levels that can be 
adjusted to the latitude and season. 

*Gasoline keeps the fuel vapor in 
the tank space above the fuel line too 
rich to burn, while pure methanol can 
produce an inflammable environment. 
And special heat-absorbing grids need 
to be installed in the tank and fuel 
lines to interrupt the propagation of 
sparks because methanol conducts 
electricity all too well. 

*Pure methanol burns with a dull 
blue flame that can't be seen in day- 
light; gasoline acts as a flame colo- 
rant, making methanol fires visible. 
The problem is that the components 
that would color a flame would burn 
off the quickest, leaving an invisible 
flame after a short pause. 

The Big Three auto manufacturers 
are already well along in developing 
the first generation of production 
methanol cars, due in the 1993 model 
year. They know many of the pitfalls 
from their experience using ethanol, 
or grain alcohol, as a low-level addi- 
tive in gasoline and, in Ford's case, 
as a pure fuel in Brazil. Meanwhile, 
the auto makers are testing thousands 
of cars, trucks, and buses converted 
to operate on methanol and placed in 
the fleets of state and local govern- 
ments, particularly in California and 
New York. California has ordered 
2,200 Chevrolet Lumina sedans that 
will operate on M85. 


nol's brutal yet invigorating power 

in the pit of my stomach as I floored 
the accelerator of the M85 test car at 
GM’s Technical Center. But first of all, 
Frank Ament, a GM engineer special- 
izing in methanol as an automotive 
fuel, was behind the wheel, and, sec- 
ond, the Corsica seemed like any other, 
except for the electronic bar graph be- 
tween the tachometer and speedome- 
ter. The display registered midway be- 
tween eight and nine on a scale of 1 
to 10, meaning, indeed, the fuel mix 
was M85. 

"Until last Monday, our main inter- 
est in methanol was energy security," 
Ament told me as he drove the meth- 
anol car, a week after President Bush 
made his clean air proposal. *You can 
make methanol from natural gas, and 
we have a lot of that. Also, it can pro- 
vide a cost cap for petroleum fuel." 

The EPA, which helped shape the 
Bush administration's policy, favors al- 

Continued 


| wish I could tell you I felt metha- 
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ternative fuels because the Agency 
feels that the bulk of emissions im- 
provement possible with gasoline en- 
gines has already been made. 

Smog—the result of hydrocarbons 
reacting with nitrogen oxides in sun- 
light to produce highly reactive ozone 
and other harmful organic com- 
pounds—is the target of the latest 
round of regulations. Emissions of hy- 
drocarbons, or partially burnt fuel, 
have been cut to four percent of what 
they were 20 years ago; the Bush plan 
calls for a further 50 percent reduc- 
tion. Nitrogen oxides have been re- 
duced to 24 percent of their level in 
1970—a further cut of one-third is 
called for. 

The environmental pollutant that 
has consistently resisted control is 
ground-level ozone. In 1987, 18 cities 
regularly exceeded federal air-quality 
Standards for ozone, the reactive form 
of oxygen; Los Angeles was the worst 
of all, with a whopping 141 days of 
ozone alerts. Together with cuts in in- 
dustrial emissions, the administration 
proposes to bring most cities into com- 
pliance with ozone standards by the 
beginning of the 21st century, though 
the worst offenders—Los Angeles, 
New York, and Houston— would prob- 
ably need an extra decade to meet 
them. 

Unfortunately, global warming, the 
environmental catastrophe that could 
potentially change the face of the 
Earth (“Global Warming," Aug., Sept., 
and Oct. '89], is only slightly affected 
by the use of methanol as an alterna- 
tive fuel. Of the alternative fuels un- 
der consideration, only hydrogen does 
not produce heat-trapping carbon di- 
oxide when burned. Electric vehicles 
seem benign, but at least in the short 
term their power would come from 
coal- or oil-fired generating stations, 
80 there is no gain on the greenhouse- 
gas front. The greater combustion 
efficiency of methanol cuts carbon di- 
oxide output by about 10 percent. But 
this is a drop in the global bucket be- 
cause most of the gases implicated in 
global warming come from industry 
and natural sources like swamps, vol- 
canoes, and the methane produced by 
digestion and decomposition. 

Still, if you make methanol from the 
natural gas now being flared at the 
wellhead, you get a net savings iri car- 
bon dioxide emissions, or, at mini- 
mum, better use of the natural gas. 
Though a good deal of carbon dioxide 
is released during the conversion of 
natural gas to methanol, the amount 
is no worse than that produced by 
refining gasoline from petroleum. De- 
spite vast domestic coal resources, at 
present it appears pointless to make 
methanol from coal because far more 
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Other alternative fuels are under considera- 
tion for certain applications. Here are the lead- 
ing contenders: 

*Ethyl alcohol, or ethanol, beats methanol, 
its close cousin, in many respects, but costs 
far more, even with its six-cent-per-gallon fed- 
eral incentive. Still, the farm lobby loves it be- 
cause it's made from corn, and has helped 
promote it as an oxygenating additive to gaso- 
line in high-altitude cities like Denver. Etha- 
nol’s energy content is higher than methanol's, 
but still less than gasoline's. It attacks metals 
and plastics less ferociously, though it too has 
fouled the fuel lines of cars that were fitted 
improperly for it. And unlike methanol, it is 
not a poison, though it is an intoxicant. 

Natural gas is safe and non-corrosive, and 
burns as cleanly as methanol does, but with- 
out the problem of formaldehyde emissions. 
Best of all. s cheaper on an energy-equi- 
valent basis because about one-third of its en- 
ergy is lost when it is converted to methanol. 
United Parcel Service is experimenting with 
10 natural gas trucks in the New York metro- 
politan area, and natural gas buses regularly 
ply the streets of Hamilton, Ontario, in Can- 
ada. Drawbacks include sluggish performance, 
bulky storage as a compressed gas or as a liq- 
uid in superinsulated tanks, and high initial 
costs in equipping vehicles to store and burn 
it and service stations to supply it. 

*Electricity is the Holy Grail of alternative 
fuels because it would produce no vehicle 
emissions, though this begs the question of 
where the extra generating capacity is going 
to come from. Also, electricity is ideal for stop- 
and-go driving because it doesn’t squander en- 
ergy idling or braking. Instead, drive motors 
can be run backward to function as braking 
generators to recharge batteries. The problem 
is that the present generation of storage bat- 
teries are too bulky, limiting the power, range, 
and carrying capacity of today's electric vehi- 
cles. And only about 19 percent of the fuel’s 
original energy would be available after losses 
in generating, distribution, and storage are 
taken into account. 

*Hydrogen-powered vehicles, either supplied 
asa compressed gas or more likely in liquefied 
form, suffer from drivability and safety prob- 
lems. The only vehicle emission would be water 
vapor, but at present, these vehicles remain 
laboratory curiosities.—P. R. 


carbon dioxide would be released at 
the refinery than is saved at the car's 
tailpipe. However, there are early in- 
dications that the carbon dioxide pro- 
duced would be pure enough to be cap- 
tured, compressed, and sold as a chem- 
ical commodity. 

Will methanol actually improve the 
air we breathe? That is harder to an- 
swer than you might guess because 


the atmosphere is such a complicated 
system. Current models show that cut- 
ting hydrocarbon emissions by switch- 
ing to methanol in Los Angeles would, 
over time, slightly reduce the city's 
notorious smog. But Joe Colucci, head 
of the fuel and lubrication department 
at GM's research laboratory, says the 
same scenario in another city wouldn't 
necessarily produce any benefit: *In 
Houston, where there is a large 
amount of hydrocarbon emissions, re- 
ducing it slightly with methanol cars 
isn't going to help." 


m an environmental perspective, 
methanol does have some distinct 
advantages over gasoline: 

e@Hydrocarbon emissions are lower. 
"Combustion is generally very com- 
plete, and when you take an engine 
apart that's been running on metha- 
nol, you see it's much cleaner," says 
GM's Ament. Methanol would cut tail- 
pipe hydrocarbon emissions by be- 
tween 20 and 50 percent right away, 
and by as much as 90 percent in ad- 
vanced engines that can exploit its full 
potential. Further savings result from 
lowered evaporative losses during re- 
fueling and while the car is running, 
due to methanol's lower volatility. On 
top of that, the methanol that does 
manage to escape is about half as re- 
active at forming smog as gasoline's 
components. 

eNitrogen oxides—which form 
when atmospheric nitrogen and oxy- 
gen combine at the high temperature 
and pressures in the engine's combus- 
tion chamber—can also be cut signi- 
ficantly because methanol burns cooler 
than gasoline. 

*Carbon monoxide will also fall be- 
cause methanol can burn in an oxy- 
gen-rich environment. 

On the negative side, methanol is a 
poison and an eye irritant, though the 
EPA believes dangerous levels could 
accumulate only under bizarre condi- 
tions—the fumes are just too easily 
dispersed. The real sticking point is 
formaldehyde emissions. This chemi- 
cal was once commonly used to pre- 
serve biological specimens, but is now 
considered a carcinogen. About five 
times as much formaldehyde—a par- 
ticularly efficient form of smog—is 
produced from methanol's combustion 
as from gasoline, most in the warmup 
phase. That could make it dangerous 
to breathe the air in unventilated 
garages. 


е EPA's Hellman says that you 
could eliminate most of the form- 


aldehyde if the car could be made 
to work as cleanly on starting as it 
does when fully warmed. “Cars now 
put out most of their pollutants in the 


first four minutes. The catalytic con- 
verter needs to be hot, and it needs 
the right mixture of gases to oxidize 
the emissions. In a rich burn it looks 
around and says, ‘I’m hot, I’m ready 
—where’s the oxygen?’ " 

One solution, he said, may be to in- 
ject fresh air into the catalyst during 
startup to improve the ratio of pollu- 
tants and oxygen. Another engineer- 
ing fix would be to electrically heat 
the catalytic converter for about one 
minute before starting the engine, or 
place it closer to the engine. While 
these schemes would raise the effi- 
ciency of the converter during the 
early warmup stages, they could lead 
to a shorter life for the expensive pol- 
lution control device due to excessive 
heat build-up. 

Another idea that has caught the 
fancy of both the oil industry and auto 
makers is changing the composition 
of gasoline to reduce the output of pol- 
lutants for older cars, which produce 
an inordinately large portion of air 
pollutants. This plan would reduce or 
eliminate the light components that 
vaporize easily and the extremely re- 
active heavy components. Says GM’s 
Colucci, an advocate of what has come 
to be called reformulated gasoline: 
“Anything we can do to the current 
vehicles that are out there is a major 
plus.” 

The first and, as yet, only gasoline 
refiner to offer such a product is 
ARCO with its Emission Control 1 
gasoline (EC-1 for short), which is 
available only in certain regions of 
the West Coast. ARCO scientists say 
the gasoline will cut emissions from 
pre-1975 cars between four and nine 
percent. Comparable reductions 
from newer cars with catalytic con- 
verters would be harder and more 
costly with engines that have been 
optimized to run on current-grade 
gasoline. Colucci says that designing 
engines to run on reformulated gaso- 
line would yield equivalent gains in 
emission reduction. 


esides the environmental advan- 

tages, methanol also promises to 

provide the United States with 
a second supply channel to balance 
against imported oil. Natural gas 
—presently the best candidate for pro- 
ducing methanol because of its clean 
process of conversion—is available in 
North America, South America, the 
Soviet Union, and in some Middle 
Eastern and Asian countries. With 
natural gas resources so plentiful and 
widespread, its price could never be 
manipulated. It would therefore tend 
to clip the wings of the Organization 
of Petroleum Exporting Countries, 
whose price hikes sent shock waves 
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sk 
yourself how 
gasoline would 


look if it were 


being proposed 


as an automotive 
fuel for the 
first time” 


through the world economy in the 
1970s. 

The Big Three were already groan- 
ing under the burden of newly intro- 
duced pollution controls when they 
were caught off guard by expensive 
gasoline. This time it appears that the 
regulators have caught Detroit with its 
pants up. The auto makers have mar- 
shaled a huge contingent of chemists, 


material scientists, environmental en- 
gineers, and other experts whose lives 
revolve around efficient combustion, 
tailpipe catalysis, and effective main- 
tenance of cars that run on alcohol. 
They are confident that they can han- 
dle whatever the government throws 
at them. 

But that doesn't stop their superi- 
ors in finance and accounting from 
worrying about the cost of alternate- 
fueled vehicles. It’s clear that both the 
vehicle and its fuel would not compare 
favorably with gasoline. And it is cer- 
tain that given the choice, consumers 
who own flexible-fuel vehicles would 
under the present pricing structure 
opt for gasoline unless the govern- 
ment provided incentives or subsidies 
for methanol. 

The most recent figures show an es- 
timated cost of $22 billion for a meth- 
anol fleet large enough to displace 
1,000,000 barrels of oil per day. The 
bulk of that cost would be spent on 
equipping cars to operate on methanol 
at an expected price tag of $300 per 
car. 


s far as fuel costs go, a quantity 

of M85 with the energy equiva- 

lent of a gallon of gasoline has 
been forecast by the California Energy 
Commission to cost $1.44 in 1993. 
That’s 23 cents a gallon more than 
premium unleaded gasoline is ex- 
pected to cost, but that differential 
drops to pennies per gallon by the 
year 2000 when the bulk of methanol- 
powered cars are expected to be on the 
road, says the Commission’s report. 

Today, the largest producer of meth- 
anol is Hoechst-Celanese, with about 
one-tenth of the world’s production of 
six billion gallons a year. At the pres- 
ent time there is plenty of methanol 
to go around. But at the levels planned 
for the turn of the century, some meth- 
anol may have to be diverted from the 
production of synthetic fibers and other 
industrial uses if new sources are not 
found and quickly brought on line. 

The oil companies have been quiet 
about what they might do, but it’s a 
good guess that they would use their 
established infrastructure and market- 
ing muscle to grab a big share of any 
market the government seems deter- 
mined to create. Once the competitive 
juices start flowing, the price of meth- 
anol may come down. 

Any new fuel or technology may 
seem impractical when viewed by skep- 
tics who know enough about it to imag- 
ine what might go wrong. But you can 
really know its value only after you’ve 
given it a serious try. Ask yourself how 
gasoline would look if it were being pro- 
posed as an automotive fuel for the first 
time. йз 
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ast August the president of Van- 
guard Cellular Systems lifted a cel- 


lular phone in Hagerstown, Md., 
and placed a call to the chairman 
ofthe Federal Communications Com- 
mission. The conversation was brief 

. ..but finalized years of work. Un- 

til that moment, Hagerstown, 

it turns out, was the only metropoli- 


tan area in the country void of cellu- 
lar communications. 
The unwiring of America's tele- de " 
phones began just over six years ago In some cities, car-phone channels are becoming almost as 


in Chicago when Ameritech Mobile crowded as the freeways themselves. The solution: a digital 


lular system to the public. Result: cellular system that compresses three or more calls into a 
phenomenal success. But now—305 š Я = 

metropolitan areas and three million Single channel—making the calls cheaper, easier to hear, 
customers later—there’s a serious 

problem. “Most larger systems will be and harder to overhear. 

at or near capacity within a year or 

so,” says Dennis M. Rucker, director By DAWN STOVER 

of planning and new technologies at 
Ameritech Mobile. In car-crazy Los 
Angeles, mobile phones are already so 
common that callers can't always find 
an available channel. 

Hoping to relieve congestion, cellu- 
lar companies have in the past tried 
a variety of ways—from technical tink- 
ering to political wrangling with the 
FCC—to increase the number of sub- 
scribers the cellular network can han- 
dle. However, most solutions have been 
too costly or, considering the clamoring 
for cellular, too insignificant. Now 
there's a new idea: make the cellular 
phones communicate using digital sig- 
nals instead of the present analog 
ones. Why? В 

The switch to digital will initially 
triple the capacity of the cellular net- 
work—three subscribers can talk on 
the same channel at the same time 
with no interference. But there's more. 
A digital cellular phone will have bet- 
ter voice quality than today's analog 
type, provide more privacy, and be able 
to perform a number of new commu- 
nications services. 

"Cellular today is caught in a very 
Strange situation," says Dr. George 
Calhoun, the author of Digital Cellu- 
lar Radio and senior vice president of 
International Mobile Machines Corp., 
one of the companies that has de- 
signed and tested digital cellular equip- 
ment. "There are actually negative 
economies of scale" Meaning: With 
current cellular technology, the more 
subscribers there are, the more it costs 
to provide service to each one. Here's 
why: 

The FCC has divided the country 
into 305 metropolitan areas and 428 
rural service areas. A cellular phone 
Service area is divided into many smal- 
ler areas called cells (hence the name). 
In the center of each cell is a cell site, 
the location for an antenna and a low- = 
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GOES DIGITAL 


power transmitter used to communi- 
cate with nearby mobile phones. The 
cell site is connected to a mobile tele- 
phone switching office, which in turn 
is connected to the phone company's 
normal land-line network. As a cellu- 
lar-phone user travels across town, the 
switching office transfers calls from 
one cell site to the next. 

In today's system, each cell is allot- 
ted dozens of channels, or frequencies. 
Some are control channels: They're 
used to verify subscriber information 
and set up calls on the other chan- 
nels, which are voice channels. Every 
voice channel is paired with another 
—one for talking and one for listening. 

Because each low-power transmit- 
ter covers a relatively small area, cal- 
lers in nearby cells can use the same 
channel to communicate with their re- 
spective cell sites. And while a single 
cell can handle many conversations 
simultaneously, that won't be enough 
in the future. 


lellular service companies have 

tried to increase capacity by sev- 

eral methods. They've installed 
better switches, and they've lobbied 
the FCC for more channels. But the 
main way they've expanded operations 
is by subdividing cells. That's expen- 
sive. The cellular company must ac- 
quire urban real estate for new cell 
sites, build transmitters and trunking 
lines, and upgrade the circuitry for 
transferring calls from one cell to an- 
other. “Start-up costs for a new cell 
site can be as high as one million dol- 
lars,” says Lawrence Harte, a digital 
cellular engineer at Audiovox in 
Hauppauge, N.Y. But all that changes 
with a digital system. 

Digital service should become cheap- 
er as more customers enroll because 
it makes more efficient use of the 
channels that are already available, 
so operators won't have to build new 
cell sites. More efficient? It squeezes 
more phone calls on one cell. 

Today's analog phones work by trans- 
mitting radio signals that mimic the 
wave patterns of human speech. 
They’re essentially tiny FM radio sta- 
tions that can operate on hundreds of 
different frequencies. Digital phones 
will also use radio signals, but they 


RICHARD ELMER 


will transmit a pattern of pulses rath- 
er than analog waves. The pulses rep- 
resent human speech that has been 
encoded—digitized—as a series of 
ones and zeros, like the language used 
by computers. 

The digital system enables a single 
channel to carry two or more voice sig- 
nals at once. Called time-division mul- 
tiple-access (see drawing), the tech- 
nique partitions cellular radio signals 


THE CELLULAR INDUSTRY: 
SUPPLY AND DEMAND 


Between June 1988 and June 1989, the 
number of cellular subscribers in the 
United States increased 67 percent, 
according to the Cellular Telecom- 
munications Industry Association, which 
represents most of the cellular opera- 
tors in the country. There are currently 
more than three million customers, and 
industry analysts predict there will be 
10 million by 1993. Construction of 
cell sites has not kept pace with 
subscriptions. 


into time slots that last 10 to 20 mil- 
liseconds each. Each phone using the 
channel sends a burst of data during 
its recurring time slot. “The slots are 
so short that you can't perceive oth- 
ers are using the system," says Gil 
LaVean, senior vice president for net- 
works and cellular at International 
Mobile Machines Systems, a division 
of International Mobile Machines Corp. 


s engineers develop more and 
more powerful digital signal proc- 

rs, they'll be able to compress 

more voice signals onto a single chan- 
nel. The digital-cellular standard that 
will be published this spring by the 
Telecommunications Industry Associ- 
ation, which represents manufactur- 


ers of cellular phones, stipulates a 
threefold increase in capacity over an- 
alog systems. But many engineers in 
the field predict that capacity will in- 
crease by six to eight times within a 
few years. 

IMM has already demonstrated a 
four-in-one digital system. I tried it 
in Philadelphia a few months ago. In- 
side the company's van, I picked up 
an ordinary phone that was wired to 
a stack of electronic equipment behind 
the seats. My first digital call was to 
LaVean. “Where are you?" he asked. 
"T'm calling you from the van," I said. 
(I don't know why, but it's customary 
to notify people whenever you call 
from a moving vehicle.) Heading over 
a bridge near the airport, I had no 
trouble hearing LaVean, who was about 
five miles away. 

IMM isn't the only company that 
has tested a time-division multiple- 
access system. Ericsson Inc. of Rich- 
ardson, Texas, tested a two-in-one- 
channel system in Los Angeles, and 
Northern Telecom of Nashville, Tenn., 
tested a three-in-one system in Dallas. 
“We chose Dallas because it's a hos- 
tile environment," says Piyush Sodha, 
director of product-line management 
for cellular systems at Northern Tele- 
com. "There are many tall buildings 
with reflective coatings. But the dig- 
ital system sounded at least as good 
as analog." 

Both Northern Telecom and IMM 
also tried performing “hand-offs” 
(transferring a call between cell sites.) 
“With this system, you're not only 
changing the frequency during the 
hand-off, but also the time slot," ex- 
plains Sodha of Northern Telecom. 
The technological trick is to synchro- 
nize the signals so that no part of the 
conversation is lost during the hand- 
off. 


е TIA's standards committee rep- 
resenting cellular-phone manufac- 
turers chose the time-division mul- 

tiple-access system early last year. 
(Europe will also adopt a time-division 
system.) And a few months ago, after 
listening to nine different voice en- 
coders, the committee selected one de- 
signed by Motorola. Now that many 

Continued 
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details of the technology have been 
worked out, companies can begin mak- 
ing phones. "The first units should be 
ready by the end of this year or early 
next year," says Eric Schimmel, vice 
president of the TIA. 

"At first, all the phones will be mo- 
biles, not portables," Schimmel says. 
Initially, they will not be any smaller 
than current car phones because, un- 
til digital services are widely availa- 
ble, the phones will be dual-mode 
types, containing both an analog and 
a digital system. “Dual-mode phones 
will avoid any immediate obsolescence 
of current phones," explains Dr. Arun- 
as Slekys, senior vice president of re- 
search and development at NovAtel 
Communications Ltd., a phone man- 
ufacturer in Calgary, Alberta. 

"Initially, about ten percent of the 
channels in high-usage cells will be 
converted to digital technology," says 
Ron Jankowski, a spokesman for Amer- 
itech Mobile. “Control channels for 
these cells will be able to recognize 
phones with digital capabilities and 
will assign these phones to digital 
voice channels." 

As hybrid phones become more wide- 
spread, additional channels will be 
Switched to digital. That will make it 
increasingly difficult for people who 
own an analog-only phone to find an 
available channel. "Analog channels 
will be like leaded gasoline—hard- 
er and harder to get," says Harte of 
Audiovox. 


SUBSCRIBER STATION 


MITCHELL J, ALBALA 


In this digital system, four callers can share a single channel. Here's how: An analog-to- 
digital converter inside the cellular phones translates each voice pattern into a string of 
ones and zeros known as a digital bitstream. A device called a multiplexer then breaks 
these bitstreams into small chunks. The chunks of data are assigned, on a rotating basis, to 
time slots lasting ioo fo so of a second each. To fit all the information into the main bitstream, 
the data must be compressed—transmitted at a higher rate than in the original bitstreams. 
The time-sharing system works the same way for receiving calls. Each phone "listens" for a 
burst of information only during its assigned time slot. Callers on both ends of a conver- 
sation speak at а normal rate and hear nothing unusual. 


STAY-AT-HOME 
CELLULAR PHONES 


Digital cellular phones aren't just for carrying 
in your briefcase or car, They can also be used 
to provide regular phone service to isolated 
customers. International Mobile Machines 


Other forces will also push cellular- 
phone users toward dual-mode phones. 
Harte predicts that the new phones 
won't cost much more than current 
ones, even though the manufacturing 
expenses will be higher. Why? “Ве- 
cause the cellular carriers will pick 
up part of the cost—perhaps by giv- 
ing rebates or even buying back old 
phones—to encourage subscribers to 
switch to digital service," says Harte. 
"Carriers make more profit from a dig- 
ital channel that serves three times 
as many customers as its analog coun- 
terpart" Monthly charges may even 
decline in areas where digital tech- 
nology is adopted. (The average month- 
ly bill is about $150 now.) 


en enough digital channels 
become available in an area, 
customers will likely begin buy- 
ing digital-only phones. These phones 
will be smaller and more powerful 
than either dual-mode or analog-only 
phones. And, just as digital technol- 
ogy has revolutionized music, it will 
offer superior voice quality on cellu- 
lar phones. 

Another benefit of digital technol- 
ogy is enhanced security, even with- 
out encryption. “Right now it's easy 
to listen in on someone's conversation," 
says Harte. Eavesdroppers using spe- 
cial scanners have overheard every- 
thing from domestic squabbles to 
show-business and drug deals. “But to 
eavesdrop on a digitized conversation, 


you'd need sophisticated equipment," 
Harte explains. “You can't just take a 
$50 radio and modify it.” 

“Not everyone in the cellular indus- 
try understands the capabilities of dig- 
ital phones,” says IMM’s Calhoun. 
"They've been told that digital tech- 
nology can solve their capacity prob- 
lems. What they haven't realized is 
what it's going to do to the business." 

Because a digital cellular phone con- 
tains a special-purpose microcomputer, 
it can be programmed to perform a 
variety of tasks . ..and reprogrammed: 
“You expect to be able to upgrade it,” 
says Calhoun. 

One task the phones will surely be 
used for is data transmission. “What- 
ever you can do on a digital network 
today, you can do on a digital cellular 
network of tomorrow,” says Calhoun. 
(Most transmissions between cells 
and land-line companies are already 
digital.) 


urrently, the maximum rate at 
which data can be transmitted 
from a cellular phone is about 
1,200 bits per second. “With digital, 
we believe you'll be able to transmit 
up to 9,600 bits per second with good 
quality NovAtel's Slekys forecasts. 
You'll be able to use computer serv- 
ices or send high-speed facsimiles from 
your car, for example. 
Being able to exchange complicated 
information with a moving vehicle has 
interesting possibilities, says Sodha of 


Corp., a Philadelphia company that has dem- 
onstrated a digital cellular phone prototype, 
also makes the Ultraphone—a digital station 
that can be attached to a pole or the side of 
a building. The station is connected to an 
ordinary household telephone. When a caller 
picks up the phone, the Ultraphone station 
sends a signal to a network station, which 
then chooses an available time slot for the 
call. Transmissions between the subscriber 


and network stations are digital. Once they 
reach the network station, they're routed into 
the local telephone system and handled like 
any other call. In rural areas, the digital sys- 
tem, called Radio Carrier Serving Area, is one- 
third the cost of a wired system and one-half 
the cost of an analog cellular system, says 
IMM. Ultraphones have already been installed 
in more than 30 locations, including the 
Navajo Nation in Arizona.—D. S. 


Northern Telecom. For example, re- 
mote car maintenance: А mechanic 
could contact your car by phone, and 
run a series of diagnostic tests while 
you're driving to work. 

Digital phones could also be used 
for what Sodha calls locational serv- 
ices. “With the time-division multiple- 
access system, you have the ability to 
measure the time it takes for a sig- 
nal to go to a vehicle and back. That 
enables you to measure how far you 
are from the antenna tower,” he says. 
What for? “You could pinpoint fairly 
accurately the location of a vehicle.” 
The information could be used for nav- 
igation, or even to catch car thieves. 
“Your insurance might be cheaper if 
you subscribed to the service,” Sodha 
suggests. 

In addition to these futuristic serv- 
ices, digital cellular technology will 
be used to provide basic services in 
rural areas where it’s too expensive 
to install wired systems (see box). Pub- 
lic officials have even talked of build- 
ing cellular call boxes along hiking 
trails. Developing countries may also 
purchase stationary cellular systems; 
NovAtel has installed two in China. 

Now the challenge is to build a dig- 
ital phone that can send and receive 
crystal-clear signals while it’s in mo- 
tion. “Ultimately, cellular customers 
want the same service and clarity they 
get at home,” says Ameritech Mobile's 
Jankowski. “Digital will take us much 
closer to that goal.” 05 


Rye, ENGLAND 
he world's auto in- 
dustry is sitting on 
the fence, debating 
a move away from 
the four-stroke en- 
gine," reflects 
Michael Daniel, 
managing director of Emdair Ltd., a 
small British specialist engineering 
company. "Interest in the two-stroke 
is growing because of its simplicity 
and compactness." 

If the two-stroke engine does indeed 
Stand a chance of finding use in mil- 
lions of vehicles, Emdair feels the ver- 
Sion it's developing could be one of the 
winners. Designed by inventor Brian 
Collins in Perth, Australia, the power 
plant departs significantly from con- 
ventional engines, two-stroke or oth- 
erwise. "Instead of a conventional 


M 


crankshaft, it has a Scotch-yoke mech- 
anism that cuts both bulk and inter- 
nal friction for space savings and great- 
er efficiency,” says Daniel. 

Dating back to the steam age, the 


а 


A four-cylinder X engine with two Scotch yokes needs only a stubby 
single-throw crankshaft (above), while a conventional in-line engine uses 

a crank with five main bearings and four crankpins for the connecting rod 

bearings. An experimental three-cylinder, four-cycle Collins engine (right) 

was built to prove the Scotch yoke's reliability at modem engine speeds. It 
is installed in the engine compartment of a rear-drive European Ford Sierra 
with plenty of room to spare, although the inherently imbalanced “T3” 


test layout vibrates too much to be acceptable in a 


production 
two-cycle X4 derivative of this design could be laid down flat on its side, 


where it would require little underhood space. 
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A steam-age motion-transfer mechanism—the Scotch yoke 
—has been revived in yet another two-stroke engine design 
from Australia. It promises reduced friction, smaller size, and 
lighter weight than conventional piston engines. 


By DAVID SCOTT 


Scotch yoke converts the linear travel 
of a reciprocating piston into usable 
rotary motion without the angular 
swing of the familiar connecting rod. 
This eliminates friction-generating 
piston side loads against the cylinder 
wall, and allows pairs of pistons to be 
arranged at right angles to each other 
for an “X4” layout (see drawings). 
Explains Daniel: “In an X4 engine, 
the crankshaft would have only two 
main bearings and a single crankpin, 
compared with the complexity of a typ- 
ical in-line crankshaft [see photo be- 
low]. Combined with low piston drag, 
this smaller bearing area will greatly 
reduce power-robbing frictional losses. 
It would also give a slim engine pro- 
file, with a weight savings we figure 
at thirty percent. And a two-stroke X4 
has a power stroke every ninety de- 
grees of crank rotation, for the same 
smoothness as a four-stroke V8.” 
Emdair hasn't yet finished building 
the X4, but Daniel took me through 
the workshops and showed me an ex- 
perimental three-cylinder two-liter en- 


cat The 


gine that’s about three-quarters of the 
way there. “It’s a test rig to prove the 
effectiveness of the Scotch yoke, up- 
dated for modern high-speed opera- 
tion,” he tells me. 

This engine is a four-stroke with 
pushrod-actuated valves; the recipro- 
cating mass of tandem pistons is 
dynamically balanced by a hefty coun- 
terweight on the crankshaft. The four- 
stroke cycle in this configuration gives 
weird, irregular firing intervals of 180, 
270, and again 270 degrees, for three 
uneven power strokes in two crank rev- 
olutions. One of these engines is run- 
ning in a Ford Sierra test car, where 
it occupies only half the room of the 
normal two-liter four-cylinder engine. 
There’s so much empty space left un- 
der the hood that body stylists could 
easily shorten the car’s nose for added 
weight savings. 

Equally important is the reported 
22-percent gain in power output. “We're 
getting 135 horsepower against 110 for 
the standard Sierra engine,” Daniel 
claims, “and more torque as well. 


That's largely due to the lower fric- 
tion. Remember, this is only a step- 
ping stone toward our four-cylinder 
two-stroke, a natural match for the 
Scotch yoke," he explains, spreading 
out engineering drawings for the X4. 
“It avoids all the usual two-stroke 
snags of crankcase induction, oil-laden 
gasoline, loop scavenging, and dirty 
exhaust.” A supercharger blows air 
straight into the inlet ports, while 
fuel is injected directly into the cylin- 
ders, and exhaust gas exits via pop- 
pet valves—not ports. 

“The engine will have 1,400-cc ca- 
pacity and a calculated 150-horsepow- 
er output,” Daniel continues. “It fits 
into an eighteen-inch square just thir- 
teen inches deep. With these compact 
dimensions, the slim X4 block could 
be mounted horizontally, directly over 
the transmission in a space-saving 
package ideally suited for front-drive 
or four-wheel-drive cars.” 

Emdair hopes to have the first pro- 
totype X4 engine built and running 
in a few months. 

What do other engineers think of 
this engine with its dusted-off Scotch 
yoke? I showed drawings for the Col- 
lins motor to one independent expert 
on a recent trip to Europe. “Don’t rule 
out that it could succeed," was the cau- 
tious reply of Karlheinz Breitwieser, 
head of engine development at GM's 
Opel plant in West Germany. 05 


supercharger to pump cylinder-scavenging 
air through intake ports in the cylinder walls 
оз each piston reaches the bottom of its 
stroke; the pistons then block off these ports 
as they travel up again. Exhaust gases exit 
the cylinders through upside-down pairs of 
conventional valves actuated by a pair of 
double-acting camshafts geared to the crank- 
shaft. Fuel injectors supply gasoline to the 
cylinders. Two Scotch yokes working at 90 
degrees to each other tie the two pairs of 
pistons to the crankshaft. This century-old 
device (detail, far right) converts linear 
motion into rotary motion via an orbiting 
block attached to the crankpin that slides on 
flat, pressure-lubricated bearing surfaces 
inside a rectangular yoke as the pistons 
reciprocate. 


INTAKE PORT 


EXHAUST 
VALVES: 


RUSSELL VON SAVERS 


SCOTCH YOKE 
ROTATION OF CRANKPIN 


LUBRICATED 
BEARING SURFACES 


CRANKPIN 
CRANKSHAFT 
/ ORBITING BLOCK 


СУА 


/ RECTANGULAI 
MOTION OF BLOCK Vind 


MOTION OF YOKE 
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$ТАТЕ-ОЕ-ТНЕ-АВТ 
HOUSES 


The work of three forward-thinking designers—a young 
Midwestern architect, an earth-shelter expert, and a well- 
known solar designer—is shown in three novel house designs, 
which, though strikingly different, share an emphasis on in- 


novation and 


outhern exposure. That's what 


Boyle requires. The curve of 


PARTIAL 
SECTION 
THROUGH 
GREAT 
ROOM AND || 
MASTER 
BEDROOM 


ENGINEERED 
ROOF 
TRUSSES 


CURVED DECK 
AND OVERHANG 


LOW-E WINDOWS: 


CURVED OVERHANG 


MASONRY/CERAMIC 
TILES OVER 6-IN. 
CONCRETE SLAB 


the house's south wall follows : 
the path of the winter sun for maxi- 
mum exposure. The resulting heat 


energy efficiency. 


By TIMOTHY O. BAKKE 
with Charles Woods, Design Consultant 


1 gain contributes greatly to the energy : 
: efficiency of the house. This simple yet : 
: brilliant plan mixes rectilinear and : 
: curvilinear shapes into a whimsical : 
this bow-faced house by Min- : 
neapolis-based architect Jay : 


version of the classic shingle house. 


1 low-emissivity glass to retain the 


1 of glass demands strong header con- 


deep into its interior. The recess of 
the windows precludes unwanted heat 
gain from the high summer sun. The 
wintertime solar heat is held in re- 


} serve for reradiation at night by an 
The low winter sun is invited into : 
| the house by double-glazed south-fac- : 
ing windows, which use one pane of : 


eight-inch-deep rock bed beneath the 
quarry-tile-covered first floor. One- 
inch-thick rigid foam on the outside 


} of the foundation provides a thermal 
: house’s radiant heat. “The abundance : 


break for the heat-storage bed. Boyle 


1 recommends insulating the roof to 
: struction to distribute the weight over : 
1 the windows,” Boyle says. “So I've : 
: specified beams of a new structural : 
: lumber called Parallam.” Made from : 
: Ve-inch-wide strips of veneer bonded : 
1 together by phenolic resin under pres- : 
: sure, Parallam is said to be two to : 
| three times as strong as standard lum- : 
: ber of the same dimensions. POPULAR : 
1 Scrence introduced readers to this ma- : 
1 terial (“Laminated Lumber,” Sept. '86, : 
| p. 37], which is finally in production. : 
: Look for an update in a future issue. : 
: The long, narrow shape of the house : 
: allows penetration of the winter sun : 


about R-50 for colder parts of the coun- 
try. This is easily attained using newly 
developed blow-in fiberglass insulation 
to fill the roof cavity. 

The 3,500-square-foot house has a 
master bedroom suite with a private 
deck on the uppermost floor. The large 
landing on the second floor is a library, 
open to the rooms below and linking 
a study above the garage. Bedrooms 
and a bath complete the second floor. 
The main floor is divided into two 
spaces, one for entertaining—dining 
room and great room—and one pri- 
vate —family room, eating area, patio. 

Continued 


RENDERINGS BY TRACY BOYLE 
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Court house 


our 24-foot-square modules and 
smaller four-foot-square mod- 
ules with few interior bearing 
walls form the basis of this 
playful courtyard house. The 
arresting roof, though complex look- 
ing, is easy to build, according to de- 
signer Charles Woods. “The soaring 
planes are just four gable roofs with 
large skylights for passive solar heat- 
ing and six-foot diamond-shaped win- 
dows in the gable ends,” he says. 

Woods intended this plan, which 
employs a number of new materials 
and technologies, to display an eclec- 
tic mixture of influences: geodesic 
domes, Arabic and Roman courtyards, 
even modular space stations. The de- 
sign, though loyal to the modern tra- 
dition, is reminiscent of organic ar- 
chitect Bruce Goff's early work. 

The house is large, at 3,750 square 
feet. Though the design results in a 
lot of wall surface exposed to the weath- 
er, the house should remain comfort- 
able and efficient with proper insula- 
tion: R-45 in the roof and R-25 in the 
walls might be typical for moderately 
cold climates. The north and west 
sides are sheltered with five-foot earth 
berms. Woods’s design incorporates 
active/passive solar heating and spe- 
cifies radiant floor heat: Butyl rubber 
tubing is laid in the insulated concrete 
slab, and hot water from the solar col- 


lectors circulates through the tubes to : 
heat the floor. Where heating and : 


cooling demands justified, an earth- 
coupled heat pump could be installed. 


The earth berms help improve com- : 
fort in both winter and summer be- : 
cause soil minimizes temperature : 
swings, both diurnally and seasonally. : 
Also, the large overhangs and use of : 
low-transmittance heat-reflective glass : 
in all but the south-facing windows : 
help prevent summer overheating. The : 
south-facing skylights are intended to : 
have double panes of low-emissivity : 
glass. Some could be opened and closed : 
by remote control. Motorized shades : 
could be fitted to control summertime : 


light and heat. 


The berms necessitate careful atten- : 
tion to waterproofing. Woods recom- : 


mends insulating the outside of the 
walls with rigid foam insulation and 
sealing them with acrylic water- 
proofing and butyl rubber sheeting. 
Besides the conventional concrete foun- 


dation, Woods provides details for an : 
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ptional pressure-treated wood founda- : 
ion using 2х 10s, fiberglass insulation, : 
plywood, and rigid foam sheathing. 
From the foundation we go to the : 
ooftop: Woods specifies newly devel- : 
ped fiber-cement shingles, which bear : 
striking resemblance to slate. And : 
hey last like slate as well, up to 50 : 
ears. Another unusual roof treat- : 
ment: planters lined with butyl rub- : 
ber and equipped with copper drain 
hen filled with 12 to 16 inches of soil : 
nd low-maintenance plants. A third : 
eature of the extraordinary roof is : 
he glazing surrounding the chimney. 
Woods provides two construction de- 
ls, depending on the climate of the : 
house location. 0 


T: clerestory skylight hovers 2 


feet above the vaulted great room. 
The great room opens onto a 3: 
foot octagonal courtyard with plant- 
ers and a reflecting pool. Patios frame ; 
he room on two sides. Through a gal- : 
ery passageway is the dining and : 
kitchen module, where an enclosed : 
ight-foot spiral stair ascends to a : 
amily room with 13-foot sloped ceil- : 
ngs. From there you have a view down : 
0 the dining and kitchen areas and : 
across to other modules. The bedroom : 
module is next, through another gal- : 
ery. Two bedrooms and a bath occupy : 
he first floor. Upstairs is the master : 
bedroom suite, which includes a large : 
bath and two closets. The last mod- 
ule houses a two-car garage and mud 
room, with a storage loft above. 
Continued. 
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1 ergy-Efficient Building Association. : 
Ecolo house Watson gave this house a traditional : 
: design with clean modern detailing, : Alchemy had R-40 roof insulation, 
nd sized it to use materials efficiently. : 
t is a 1,600-square-foot house with : 
hree bedrooms in a 26-by-26-foot- : 
square plan. A 168-square-foot green- : 
house also serves as an entry. Watson : 
used four-foot modules for dimensions : 
1 ventilation system like the Vent Aire, 
ment to allow for optimal use of stand- : 


he design goals of this house 
were affordability combined 
with an approach that views 
the home environment as a 
system, linking energy-effici 
ent design with natural landscaping, 
water conservation, and an improved 
waste-treatment system. 

The house was designed by Connec- 
ticut-based architect Donald Watson 
based on research by the New Al 
chemy Institute (237 Hatchville Rd. 
E. Falmouth, Mass. 02536). Watson 
has specialized in solar and energy- 
conserving homes for more than 20 
years and in 1988 he won the Excel 
lence in Housing award from the En- : 


and two-foot modules for window place- 


rd lumber and plywood. 


ostly per square foot than a single- 
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1 rado Springs, Colo. [^HVAC in a Box,” 

The house is built up rather than : 
ut because a two-story house is less : 
1 output air," Watson says. "The water 
tory, and gives a higher ratio of floor : 
ipace to exterior wall area. Among the : 
nergy-efficient features used in the : 
esign аге south-facing double-glazed : 
windows and skylights filled with ar- : 
gon gas. Argon is heavier than air and : 
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thus conducts heat about 25 percent 
more slowly. A model made by New 


R-32 2х6 walls, and two-inch rigid in- 
sulation for foundation walls. 

The open plan allows warm air at 
the top of the house to be recirculated 
and used to heat the lower levels. 
Watson recommends a heat-recovery 


by Engineering Development of Colo- 


Dec. ’86]. “The Vent Aire has a hot- 
water coil that further heats up the 


necessary for the coil can be heated 
by any water-heating system. In fact, 
if it is sized correctly, the house's so- 
lar water heater can provide both heat 
and domestic hot water.” 

Watson also made use of lower liv- 


ing space. Basements can be 
economical, and particular- 
ly comfortable if, as in this 
case, they have generous 
south-facing glass. The con- 
crete mass of the insulated 
foundation (R-10) provides 
an effective heat moderator 
for winter and summer. 
Last but not least, treat- 
ment of wastewater—espe- 
cially removal of the two 
most important pollutants, 
phosphorus and nitrates— 
was a design goal of the 
New Alchemy Institute. 
Watson specifies the Ruck 
system developed by former 
University of Connecticut 
professor Dr. Rein Laak 
(149 Browns Rd., Storrs, 
Conn. 06268). It is designed 
to eliminate phosphorus and 
convert 75 percent of the 
polluting nitrate in waste- 
water to gaseous nitrogen. 
Used with water-saving 
toilets, the Ruck system 
separates blackwater (sew- 
age) and graywater waste 
streams. The blackwater is 
passed through a three- 
stage sand filter, which 
oxidizes nitrogen in the 
blackwater to nitrate and 
acidifies the wastewater to 
enhance the removal of 
phosphorus and microorgan- 5 
ism. Graywater is passed through a : жө» 
separate tank, then combined with : TO ORDER HOUSE 


PLANS: Detailed working drawings include floor 


the outflow of the sand filter in a : plans (with electric), foundation plan(s), cross sections, elevations, and 
denitrification filter. Here, bacteria : specifications; $175 for one set, $25 for each additional set, and $15 for 
and fungi denitrify the nitrate, re- : mailing. Jay Boyle, 4034 Washburn Ave. N., Minneapolis, Minn. 55412 
leasing atmospheric nitrogen. The : (phone [612]-529-3940 to charge plans on Visa or MasterCard); Charles | 
cleansed wastewater is released to a : Woods, Natural Architecture, R.D. 3, Honesdale, Ра. 18431 (Visa/MC: | 


leach field. : [717] 253-5452); Donald Watson, 54 Larkspur г, Trumbull, Conn., 06611 
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A smooth, quiet ride is often 
the most sought after attri- 
bute of a luxury sedan. Both 
the new Chrysler Imperial 
and redesigned Lincoln Town 
Car have automatically ad- 
justing air suspensions, while 
the Buick Park Avenue Ultra 
and Cadillac Brougham rely 
on traditional coil spring 
suspensions. POPULAR SCI- 
ENCE tests these suspension 
systems to see how riding on 
air compares with coil 
springs. 


By DAN McCOSH 


American mainstream luxury 
sedans, from left: Cadillac 
Brougham, Lincoln Town Car, 
Chrysler Imperial, and Buick 
Park Avenue Ultra. 
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he Lincoln Town Car and 
Cadillac Brougham are 
the dowagers of the lux- 
ury-car field, sniffing at 
the bone-jarring ride and 
cramped quarters of their 
Teutonic and Japanese 
competition. Among the 
last of the full-frame, rear-drive, V8- 
powered, full-sized American highway 
cruisers, these craft represent a breed 
that not so long ago defined the term 
luxury car. Now, however, their extrav- 
agant consumption of steel, gasoline, 
and rubber puts them at odds with 
the modern space- and fuel-efficient 
frameless front-wheel-drive designs 
that dominate. 

But transporting six passengers in 
serene isolation from road and engine 
noise is something at which a car built 
on a solid frame and powered by a 


slow-turning big-displacement engine 
excels. And with today's stable gaso- 
line prices, it seems as if reports of 
the demise of the domestic luxury se- 
dan have been greatly exaggerated. 
To test the technological develop- 
ment of the 1990 Town Car and 
Brougham, we matched them against 
a pair of up-to-date front-wheel-drive 
luxury sedans: the Buick Park Ave- 
nue Ultra and Chrysler's new Impe- 
rial. The Park Avenue Ultra is based 
on General Motors' modern front-drive 
C-body chassis and is powered by a 
165-horsepower 3.8-liter V6. The Im- 
perial is sort of a Weight-Watchers 
revival of a nameplate once associated 
with one of the largest and most pow- 
erful luxury cars on the road. It re- 
turns today in spirit on a 109.3-inch 
wheelbase chassis with air suspension 
and Chrysler's new 3.3-liter 150-hp V6. 


Lincoln redesigned the Town Car 
this year, restyling the body and add- 
ing an air suspension in the rear. The 
Town Car npw incorporates modern 
aerodynamic features such as flush 
glass and aircraft-style doors that 
smoothly curve into the roof line. 
Cadillac has countered with a less in- 
tensive upgrade, slightly altering the 
styling and adding a 5.7-liter V8 en- 
gine option to its aging Brougham. 
But body-on-frame construction and 
rear-wheel drive set both cars apart 
from their manufacturers' modern 
front-drive cars, including Lincoln's 
Continental and Cadillac's C-body De 
Ville chassis. 

Are these efforts nothing more than 
giving dinosaurs a face lift? In the 
case of the Brougham, the updating 
is minimal, but the car benefits from 
throttle-body fuel injection on the 5.7- 


liter V8, which produces 175 hp and 
nearly 300 pound-feet of torque that 
comes on strong and early. 


new Town Car, which features 

labundant interior room, and a dis- 
dain for state-of-the-art technology 
and avant garde styling. The 4,138- 
pound luxury car is powered by a 150- 
hp 4.9-liter V8 engine with sequen- 
tial port fuel injection. Lincoln engi- 
neers made suspension refinements 
that subdue the boatlike qualities of 
the previous model. 

Straightening our chauffeurs' caps, 
we headed for the track. 

Not that we were expecting any 
great surprises in acceleration or han- 
dling. These are big cars, and we fully 
expected the feel of something like 
running an elephant in a steeplechase. 


Le makes no apologies for its 


As it turned out, the size of the 
largest cars in the group affected the 
results in unexpected ways, Cutting 
corners on our slalom and double-lane- 
change course proved troublesome for 
both the Brougham and Town Car. 
The cones tended to disappear from 
sight below the edge of the hood, mak- 
ing the circuit as difficult to negoti- 
ate as sailing a barge through a se- 
ries of buoys. 

The variation in body dimensions, 
in particular the relatively narrow 
68.9-inch width of the Imperial, also 
had a dramatic impact: It flattened the 
arc traveled between the cones—giv- 
ing the Imperial a lead in the double- 
lane-change maneuver, although by 
only a narrow margin over the much 
wider Brougham. 

There were no great surprises trying 

Continued 
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Anchors aweigh: The Lincoln Town Car has 
an enormous 22 cubic feet of trunk space, 
the largest of the group. 


to snake these behemoths through the 
pylons of the slalom course. All the 
cars were stable, with predictable un- 
dersteer—although the rear end of the 
Cadillac could be powered out of line 
on occasion. 

Far more important was the feel of 
the power steering, which on the Cad- 
illac was optimized for ease of parking 
at the expense of road feel. One of the 
best compromises between steering ef- 
fort and road feel was found with the 
Town Car, whose power steering felt 
reasonably progressive with good feed- 
back. The power-steering system, 
shared with Ford's Thunderbird and 
Cougar, incorporates an electronically 
controlled valve that adjusts the flow 
of hydraulic fluid.in response to sen- 
sors monitoring vehicle speed and the 
rate at which the driver is turning the 
steering wheel. This control of the 
level of boost makes the Town Car's 
steering feel light during low-speed 
parking-lot maneuvers, but with ade- 
quate feel of the road during highway 
driving. It works smoothly, particu- 
larly when compared with the two- 
Stage systems that abruptly change 
boost at a fixed speed. On the nega- 
tive side, the Town Car's power-steer- 
ing pump could be stalled during quick 
cornering. 

The Buick Park Avenue was also 
easy to live with. The 1990 model re- 
ceived some changes in body structure 
and steering-gear tuning that improve 
on-center feel and reduce the car's 
tendency to wander on the highway. 
The Park Avenue's performance also 
was clearly superior to the rest of the 
foursome on the slalom course, testi- 
mony to its responsive steering, rela- 
tively narrow width, and good overall 
balance. 

In contrast, the Brougham felt so 
disconnected from the road that it left 
you feeling as if you were shouting 
commands from the bridge of the Ex- 
xon Valdez—an old-fashioned numb- 
ness that was overcome years ago on 
most power steering systems (includ- 
ing newer Cadillac models). 

The Imperial suffered from termi- 
nal understeer, rolling the front tire's 
sidewalls under for an all-time low of 
0.62 g on the skid pad. The pro- 
nounced plowing makes the car feel 
sluggish in normal cornering and can 
make the front tires squeal on ex- 
pressway ramps and at times even in 
parking garages—hardly a feeling of 
luxury. 
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A traditional coil spring suspension, while 
durable and reasonably comfortable, represents 
a design compromise under varying loads. 
The car will ride hard when lightly loaded, or 
the suspension will bottom out when the 
trunk is packed to the gills. That is until the 
advent of computer-controlled air springs that 
automatically adjust the ride height. The 
familiar spiral-shaped steel coil springs that 
support the body are replaced with air bellows 
that when inflated provide a range of spring 
rates to suit a variety of road and load 
conditions. The Lincoln Town Car rides 
on a pair of rear air springs and the 
Chrysler Imperial has an air spring at each 
corner. 

For example, if the Imperial's trunk is filled 
with luggage and the rear starts to sag, the 
height sensor in the right rear shock absorber 
signals the computer to pump up the rear air 
springs (see drawing below) through the 
trunk-mounted air compressor and network of 
nylon air lines. On the other hand, if the 
height sensor in the upper part of the strut 
reads low, the air spring built into the front 
strut (see illustration upper right) receives 
more pressure. The system has been designed 
to react only to height changes that persist for 
more than 15 seconds so that fluctuations, 
such as the body roll induced by a tight turn 
or brake dive, are ignored. This eliminates 
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inputs that would interfere with handling. 
And the system is activated only after the 
doors and trunk have been closed to avoid 
compensating for transient changes before 
the car is fully loaded. 

Air suspensions not only provide for a range 
of load possibilities, but in theory should give 


a smoother, quieter ride because the air bags 
tend to isolate the interior from road noise 
and vibration.—Brian Nadel 
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The braking tests revealed just how 
far even the oldest designs have come 
in the past decade or so. Anti-lock 
brakes stopped the luxury fleet like 
throwing out an anchor. All four 
cars had short stops with good con- 
trol. Despite the Imperial being the 
only car of the group with power disc 
brakes on all four wheels, its brakes 
showed serious fade during the hot 
test. 


ut as enlightening as flinging a 
luxury car about on the test 
track can be, it's something akin 
to entering your mom in a Miss Amer- 
ica pageant. Mainly we're talking com- 
fort here, and preferably quiet comfort. 

In search of a standardized stretch 
of potholes, we drove the quartet back 
to back on a special section of the 
track that carefully duplicates some 
of America's worst paved roads. It was 
only then that the distinct character 
of each car began to emerge. 

To some extent, it was also a test 
of suspension technology, with side- 
by-side comparisons of the various 
systems. This seat-of-the-pants ap- 
proach quickly demonstrated that the 
full-frame cars—the Town Car and 
Brougham— were superior in isolat- 
ing sharp shocks from the passenger 
compartment to either of the unit body 
cars—the Park Avenue and Imperial. 

The main benefit of Chrysler's new 


BRAKING 60—0 mph (ft.) 
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air suspension was its ability to level 
the car under varying load (see box, 
Riding on Air). The problem was that 
any change in air-spring pressure was 
often accompanied by an annoying 
clacking noise as the equipment op- 
erated. Despite the new suspension, 
the Chrysler Imperial transmitted the 
most noise into the car's interior un- 
der a variety of ride conditions, which 
was aggravated by a tendency of the 
steering column to shake. Previous 
GM C-cars had similar unhealthy ten- 
dencies, but a series of new body- 
stiffening measures have noticeably 
quieted the Park Avenue. 

Deflected disc shock absorbers on 
Buick's Dynaride suspension gave it 
an advantage in terms of ride com- 
fort. In these shocks, a pyramid of 
stacked discs acts like a valve through 
which the hydraulic oil flows. On slow 
highway undulations, for example, 
only the bottom disc deflects, provid- 
ing a small orifice for the hydraulic 
oil to flow through. However, under the 
pressure of a large pothole, more of 
the discs move to create a larger ori- 
fice to control body movements. Over- 


all, the all-mechanical system works 
well and reduces some of the compro- 
mises between handling and ride. How- 
ever, the Buick still tends to rock and 
roll on the highway. 

Not quite trusting our ears, we also 
ran the cars over a short stretch of 
rough pavement at 60 mph with a 
sound meter, and recorded a three- 
decibel advantage for the Town Car 
compared with the competition. The 
meter also confirmed that the Impe- 
rial chassis was indeed transmitting 
more noise to the interior than either 
the Park Avenue Ultra or the 
Brougham over rough pavement. Our 
smooth-road sound test at 60 mph 
found the Buick tied with the Lincoln 
—another indication that full-frame 
construction is superior in soaking up 
road noises. At idle, the Lincoln Town 
Car was quietest, with one member 
of the PopuLar Science testing staff 
wondering whether the engine was ac- 
tually running. 

But while it wasn't the quietest over 
our test stretch of rough pavement, the 
light weight and overall efficiency of 

Continued 


Seldom are the results of a competitive test 
so clear. After a week of studying both ride 
comfort and performance parameters, the 
1990 Lincoln Town Car emerges as the 
traditional luxury sedan of choice. 

While the Lincoln does not excel in 
handling or acceleration, it is definitely more 
comfortable over a variety of road surfaces. 
The Town Car proved to be the quietest car, 
and with the shortest stopping distances 
coupled with the most advanced passive 
restraints (air bags that cover the entire front 
seat), it has a distinct safety advantage over 
the other contenders. 

1 was also impressed with the Buick Park 
Avenue Ultra. Despite being short a pair of 
cylinders, it managed a clean sweep in 
acceleration testing. The Park Avenue Ultra 
feels nimble and responsive, and its ride 


quality is good and back-seat room is excellent. 

The Cadillac Brougham, on the other hand, 
is showing its age in a disappointing way. The 
biggest engine and longest overall length did 
not produce the best acceleration or roomiest 
interior. Most appalling is Cadillac's use of 
crude door-mounted front seat belts on what 
should be its flagship. This is particularly 
galling when the Brougham's $32,596 price 
is factored in. 

The Chrysler Imperial does not belong in 
this class. In fact, I'm not sure where it does 
belong. It's the narrowest of the group, with 
nearly 10 inches separating its girth from the 
Town Car's. The engine shakes the instru- 
ment panel during start-up, elbowroom is in. 
short supply, and the ride isn't fit for a 
compact car. The new Imperial is a rank 
pretender. —Don Sherman 
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the Park Avenue helped edge out the 
Cadillac with a 0-to-60-mph time of 
10 seconds flat, more than a second 
faster than either the Town Car or Im- 
perial. The Buick also edged out the 
other cars in our simulated highway 
passing tests. 

At 3,451 pounds, the Park Avenue 
is less than 50 pounds heavier than 
the Imperial, making it one of the 
lightest cars in its class. This helped 
make the 165-hp 3.8-liter V6 feel pow- 
erful and responsive in the Park Ave- 
nue Ultra. The Buick's EPA mileage 
rating for both highway and city tests 
also tops the group, while the Cadillac 
achieved the lowest rating and in- 
cluded a gas-guzzler tax in the pur- 
chase price. 


tape measure confirmed the 
Town Car's claim for most seat- 
ing room: The rear seat was big 
enough for three linemen. Sit in the 
middle position, however, and all four 
cars—even those with front-wheel 
drive—give the impression that some- 
one buried a mailbox somewhere in 
the seat cushions. Structure and ex- 
haust conduits make the center posi- 
tion so high and firm, it's easy to bump 
your head—hardly a true three-pas- 
senger rear seat. 

Ultimately, the amount of usable in- 
terior room became the prime criter- 
ion for judging a full-size luxury car. 
Least commodious of the four by far 
was the Imperial. The padding on the 
doors actually gives it less rear-seat 
hip room than the midsize Plymouth 
Acclaim—a serious drawback in this 
class. The Imperial clearly trails the 
pack in this category, despite reason- 
able rear-seat legroom. Its trim exte- 
rior helped in maneuverability, but it 
lagged in most other categories, in- 
cluding ride and quiet. 

These cars fairly scream “Road trip,” 
and in this department the Lincoln 
Town Car is king. Seating is cavern- 
ous and comfortable, performance and 
handling are adequate, and the car is 
as quiet as the reading room at the 
local library. In contrast, while the be- 
hemoth Brougham delivers a fairly 
large interior, the Cadillac comes up 
short in the hip- and shoulder-room 
departments. The car wanders to the 
point of fatigue on the highway, and 
its fuel consumption isn’t matched by 
performance. 

The Park Avenue Ultra takes effi- 
ciency and overall performance hon- 
ors. It is a strong argument that the 
need for so much iron has passed. 
But for my money the additional room, 
isolation from the road, and at least 
reasonable road manners make the 
Town Car the luxury king in this 
group. йз 
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The Hunter D111 four-wheel alignment machine 
(left) and others like it make all-wheel align- 
ment adjustments simple. With the car sitting on 
the adjustment rack, the mechanic first selects 
the vehicle's make and model, and the comput- 
erized device retrieves the appropriate wheel- 
alignment specifications from its memory. The 
alignment machine's four-wheel-measurement 
gauges are then positioned onto each wheel. 
The machine immediately displays the various 
alignment measurements and their deviation 
from specified values. Graphics and text screens, 
such as the example below, describe the steps 
the mechanic should take to adjust the vehicle. 


Align all four wheels of your car? Yes, says the 
PoPuraR Science auto-repair pro. Standard front- 
wheel alignment is no longer enough. With their mod- 
ern suspensions and chassis designs, today's cars must 
have all four wheels checked regularly and adjusted 
to keep them on track. 


he owner of a 1978 Chevrolet 

Caprice Classicstation wagon 

pulled into my shop one day 

and complained that his car 

continually drifted to the left, 

forcing him to steer to the right. De- 

spite repeated front-wheel alignments 

and several tire rotations to elimin- 

ate any tire-wear patterns that might 

cause the rear-wheel-drive car to veer 

off course, this annoying leftward drift 
persisted. 

I put the car on my shop's comput- 

erized four-wheel alignment machine. 


By BOB CERULLO 


Right away, the CRT screen indicated 
the front wheels were on spec. How- 
ever, the display also showed that the 
rear wheels were out of true. The car's 
rear thrust line—a line parallel to 
the direction of the rear-wheel travel 
— pointed to the left. The car was, in 
fact, being steered to the left by its 
rear wheels. 

The term front-wheel alignment is 
as much a part of popular automotive- 
repair jargon as tune-up or oil change. 
Yet for modern car designs, front- 
wheel alignment is as obsolete today 


as a mechanical distributor. All of the 
wheels on a modern car need periodic 
alignment checks to make sure they 
are running straight and true. 

In this article ГЇЇ explain how four- 
wheel alignment differs from old-fash- 
ioned front-wheel alignment, and why 
and when your car will need four- 
wheel attention. I’ll also describe the 
newest computerized equipment me- 
chanics use to perform this service. 

Until the late sixties, only high- 
performance street cars, expensive 

Continued 
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dum 


MISALIGNED 
REAR AXLE 


The rear axle on the car above is not 

lar to the car's direction of 
travel. When the thrust line and the 
center line do not coincide, the car veers 
to one side. A four-wheel alignment 
check will pinpoint this problem. 


imports, and race cars needed rear- 
wheel alignment. Conventional cars 
rarely required adjustment of the rear 
wheels unless they were involved in 
a major rear-end collision. That situ- 
ation changed slowly. Even in 1977, 
only about eight percent of the new 
cars registered in the United States 
required alignment of all four wheels. 


Why four wheels? 


But then car design changed. “The 
switch to front-wheel-drive cars with 
uni-body construction, MacPherson 
struts, rack-and-pinion steering, and 
independent front and rear suspen- 
sions brought a need for more accu- 
rate alignment of all four wheels,” 
says Ray A. Bollman, Chrysler Согр-ѕ 
service engineering manager. Front- 
wheel drive, he adds, which generally 
appears on smaller cars, is less for- 
giving of tracking problems than older 
systems mainly because the tighter 
geometries make misalignments more 
noticeable. “Front-wheel drive de- 
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CAMBER, CASTER, AND TOE 


Camber, caster, and toe refer to the three ad- 
justable alignment angles on car wheels. The 
three angles are similar for both short and 
long arm and MacPherson-strut suspensions. 
The alignment angles are defined in relation 
to a pair of reference lines: The center line is 
an imaginary line that bisects the car body 
lengthwise. A zero reference is a vertical line 
that extends through a particular part that’s 
specified for each alignment angle. 

Camber (upper right) is the measurement 
of the inward or outward tilt of the top of the 
tire from a zero (vertical) reference line. If the 
tire tilts outward from the car (""bowlegged"), 
it has a positive camber angle. If it tilts in- 
ward ("'knock-kneed"), camber is negative. 

The car maker specifies the camber that 
provides an optimum combination of tire wear, 
handling, and driver comfort. 

A small amount of positive camber is set 
into the front wheels of most cars. As the 
wheels roll forward, this slight 
ber projects the load toward a point just out- 


side of the tire's center, which distributes the 
load across the entire tread face. This pro- 
motes even tire wear and extends tire life. 
Positive camber makes a wheel roll away 
from a car's center line—a phenomenon 
called roll-out. If there are equal amounts of 
camber on both wheels, their counteracting 
roll-outs will cancel, making the car travel 
straight. Too much positive camber causes 
wear around the outside edge of the tire. 
Caster is the forward or rearward tilt of the 
Steering axis off the zero reference line as 
viewed from the side of the car. In a Mac- 
Pherson-strut system (upper left), the steering 
axis is a line drawn from the upper strut bear- 
ing down through the ball joint. The steering 
axis for a short and long arm suspension (not 
shown) is a line extended through the upper 
and lower ball joints. Rearward tilt (at the 
top) is positive caster; forward tilt, negative. 
A wheel set with positive caster projects 
the load that's transferred down the steering 
axis at an angle, so it meets the street out 
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mands that the rear wheels be directly 
behind the front." 

Keith Buckley of Goodyear Tire's 
Service Engineering gives several 
other reasons why four-wheel align- 
ment is important for newer cars: 
"Modern tires generate steering forces 
at smaller steer and slip angles than 
earlier tire designs, and that allows 
less tolerance for misalignment be- 
tween the front and rear wheels." In 
addition, Buckley says, the design 
trade-offs that permit newer tires to 
perform bettez have led to decreased 
wear-resistance, so the tires are more 
sensitive to the ravages of misalign- 
ment. After incorrect inflation pres- 
sure and the omission of tire rotation, 
misalignment is the next largest cause 
of premature tire wear. 

There's another reason for all-wheel 
alignment, Buckley notes: Independ- 
ent suspension systems make it eas- 
ier for rear wheels to become mis- 
aligned. The quick-steering and light- 
weight independent suspensions on to- 


day's cars are simply not as rugged 
as their robust predecessors on older 
cars. A pothole that wouldn't bruise 
an old-fashioned suspension may bend 
wheels and distort the suspension on 
some modern cars. The lightweight 
uni-body car frames can also sag even 
without a collision. 

By 1986 almost three-quarters of 
the new cars registered required align- 
ment adjustments on all four wheels 
at some point in their service life. 

Before I discuss modern suspensions 
and their alignment requirements, I'll 
explain the development of older sus- 
pension designs and their adjustment 
needs. 

Toe, camber, caster 

Early carriage and car builders knew 
about the importance of toe—the de- 
gree to which the tires are set paral- 
lel to each other (see box for defini- 
tion). Tires that are toed inward or 
outward will roll poorly. Correct toe 
angles are critical to preventing pre- 


ahead of the tire's contact surface. Just as 
the front wheel of a two-wheel bicycle tends 
to keep rolling in a straight line because the 
front fork is angled forward (at the bottom), 
positive caster tends to direct the tire straight 
ahead. Thus, positive caster increases the sta- 
bility of the car by resisting any tendency to 
weave or to wander because the wheels try to 
travel straight ahead. This arrangement also 
increases the steering effort that's required. 

With negative caster, the transmitted load 
falls behind the tire's contact patch, which 
means it “pushes” the tire along. This ar- 


rangement leads to decreased stability but 
easier steering effort because the tire searches 
for the path of least resistance. 

Toe (lower right) is a measure of whether 
two wheels are rolling in the same direction 
or not. Zero toe indicates the wheels are par- 
allel. Toe-in occurs when the front edges are 
closer than the rear edges (like walking 
pigeon-toed); toe-out is the opposite. Toe can 
be measured in inches or degrees. It is the 
most critical tire-wear angle for today's ra- 
dial, especially all-season tread designs. 

С. 


mature wear of today's radial tires, 
especially the all-season varieties. 

Car builders became more inter- 
ested in steering angles—the orien- 
tations a wheel takes when a car 
makes a turn—as vehicle speeds in- 
creased. This occurred because higher 
velocities require tighter control over 
suspension geometry. Camber, the in- 
ward or outward tilt of a wheel from 
the body (see box), became important 
when designers realized they could im- 
prove steering stability by shifting 
most of the vehicle's weight to the in- 
ner wheel bearing by tilting the top 
of that wheel outward. The change in 
angle shortens the lever arm of the 
spindle with respect to the steering 
assembly and, thus, reduces the force 
with which the spindle acts upon the 
Steering system. 

Caster, yet another important align- 
ment angle, is the forward or rearward 
tilt of a wheel when it's viewed from 
the side of a vehicle (see box). In early 
cars, caster was considered the most 


important wheel alignment angle be- 
cause a sudden shift to negative caster 
could cause a car to become uncon- 
trollable. The introduction of independ- 
ent front suspension systems with ball 
joints mounted on the outer ends of short 
and long control arms meant caster 
angles were no longer likely to change. 

Prior to the introduction of inde- 
pendent front suspensions, the need 
for wheel alignment was generally 
limited to repairing damage caused in 
a collision. The older front suspen- 
sions were not as sensitive to impact. 
Nor were they easy to adjust. Short 
of adjusting the toe, heavy bending 
equipment was required. 

As front suspensions became more 
complex, the need for alignment be- 
came more critical. Car makers in- 
stalled the familiar short and long 
arm suspension for a better ride and 
handling. They also introduced the 
equally familiar parallelogram steer- 
ing system. For the most part, rear 
suspensions were fixed and rugged. 


Barring a collision, there was little 
change in the rear camber or toe. 
Wheel-alignment technology ad- 
vanced to the point where front wheels 
were adjusted in relation to an imag- 
inary line called the center line, which 
travels through the midpoints of the 
front and rear axles. When the cen- 
ter line and thrust line are made to 
coincide, the rear wheels sit precisely 
behind and parallel to the front wheels. 


Computer alignment 


As I stated previously, old-fashioned 
front-wheel alignment equipment does 
not have the capability to measure to- 
tal wheel alignment easily. While it 
is possible for a mechanic to measure 
total alignment using primitive meas- 
uring devices, by backing the car on 
wheel alignment equipment and so 
forth, the time involved and the ques- 
tionable accuracy make it impractical. 

That’s why several manufacturers 
make computerized wheel-alignment 
equipment that can be used to per- 
form a precise four-wheel alignment. 
I'm focusing on the newest machine 
from the Hunter Engineering Co. in 
Bridgeton, Mo., simply because Hunt- 
er has for many years been a leader 
in the design and manufacture of com- 
puterized wheel-alignment equipment. 

According to Doug Woolverton, re- 
gional manager for Hunter, the com- 
pany's model D111 uses infrared posi- 
tion-sensing sensors with micropro- 
cessors on each of the four wheels to 
send measurement data to a computer. 
This information is then displayed for 
the mechanic on a CRT screen as he 
makes adjustments. Factory specifi- 
cations for nearly all vehicles regis- 
tered in the United States for the 
last 25 years are stored in the com- 
puter's memory. There are also hun- 
dreds of instructional text displays 
and diagrams of various front and rear 
suspension types to guide the mechan- 
ic through the adjustment procedures. 


Adjustment kits 


It's a relatively quick and easy job 
for a trained mechanic to make the 
needed adjustments on both front and 
rear suspensions when a car has ad- 
justment devices built in. However, 
this is not always the case, as I found 
out with the Chevy wagon. 

Over the years, alignment mechan- 
ics and aftermarket manufacturers 
have developed ingenious methods to 
correct misalignment conditions on 
the fronts and rears of cars that were 
not originally designed for alignment 
correction. Aftermarket suppliers such 
as Specialty Products Co. (204 S. 
Bowen, Longmont, Colo. 80501) have 
developed a variety of kits consisting 

[Continued on page 91] 
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POCKET MEMORIES 


These new pocket-size portables are more than just electronic appointment books. They now 
hold as much data as early desktop computers, and can trade data with other machines. 


By DAWN STOVER 


itting beside each other on 
my desk, the two machines 
look like mother and daugh- 
ter. The curvaceous Electro- 
dex is much larger than 
the Pocket Memory, and the 
matching keyboards remind me of the 
dresses my mother sewed for the two 
of us when I was a girl. But what's 
most captivating about these look- 
alike electronic organizers isn't their 
appearances; it's the fact that they can 
trade secrets as easily as two family 
members can read each other's minds. 
"You can transfer information from 
the small one to the big one, or the 
big one to the small one," says Mendel 
Goldstein, general manager of Tele- 
Art U.S.A., the company that sells 
both products. And you don't need an 
electrical umbilical cord to connect 
parent to child—an invisible infrared 
light beam carries the information 
from one unit to the other. 


Names, addresses, and phone numbers 
recorded in Tele-Art's 32-kilobyte 
$150 Pocket Memory (left) can be 
transferred to the 64-kilobyte $200 
desktop Electrodex (above left) via 
an infrared beam. A rotary dial on 
the larger unit lets you “flip through" 
business-card files. 


72 | POPULARSCIENCE JANUARY 199% 


Tn the last year, electronic organiz- 
ers have acquired larger screens and 
better memories. "Today's organizers 
can now offer as much storage capac- 
ity as the early versions of personal 
computers," says Paul Allan, general 
manager of the Personal Home Office 
Electronics division of Sharp Electron- 
ics Corp. Sharp makes the Wizard, the 
best-selling organizer [Pocket Com- 
puter, “ENF,” Jan. '89]. 

But what really sets the new hand- 
held organizers apart from previous 
electronic directories and notebooks is 
their ability to communicate with larg- 
er computers. Machines made by Sharp, 
Casio, and Psion Inc. can exchange 
data with IBM-compatible PCs and 
Apple Macintoshes, using cable links 
and special software that have recent- 
ly become available. Tele-Art's pocket- 
size unit, the smallest of the group, 
will soon be able to communicate with 
PCs, using a $50 adapter that converts 
infrared signals to electrical ones. But 
for now, it's only able to swap data 
with its desktop kin via its wireless 
transfer system. 

Suppose you take the Pocket Mem- 
ory with you to a sales meeting, where 
you enter a few names and phone 
numbers. When you return, you place 
the small machine next to the big one, 
and press a few keys. Within two min- 
utes, all of the new data are trans- 
ferred to the Electrodex. 

The Electrodex can send data to the 
Pocket Memory too—for example, a 
schedule the secretary prepared while 


GREG SHARKO. 


you were away. "The transfer can also 
be done from one small unit to an- 
other,” says Goldstein. “In fact, you 
could line up fifty of them on your 
desk and pass the information all the 
way down the line," he says. 

^We've taken the idea from the con- 
cept of the remote control," says Gold- 
stein. Some remote controls can ex- 
change infrared codes with each other 
when they're placed head-to-head 
(“Super Remotes,” Feb. '89]. The Tele- 
Art system works like these intelli- 
gent remotes. 

Technology isn't all that Tele-Art 
borrowed. The design (and the name) 
of its Electrodex are derived from the 
familiar Rolodex file. Knobs mounted 
on the side of the Electrodex allow a 
user to scroll through business-card 
entries. "There's a bearing built into 
the handle," Goldstein explains. “Ав 
the handle rotates, the bearing touch- 
es tiny contact dots. Each time it touch- 
es a new dot, it turns a page.” 

The Electrodex and Pocket Memory 
are sold separately but meant to be 
used as a pair. "If you lose one unit, 
you have all the information in an- 
other one," Goldstein says. 

Losing a unit made by Psion, Casio, 
or Sharp isn't a tragedy either—not 
if you've already sent the information 
they contain to another machine. All 
of the hand-held computers can now 
be connected to full-fledged computers. 

Psion's Comms Link and PC com- 
munications software ($120) have been 
available for more than a year [Info 


to go, “ЕМЕ” Sept. '88]. The company 
recently began selling adapters for the 
Mac and Mac Plus. Sharp introduced 
a Mac Organizer Link ($150) in Novem- 
ber. The Mac kit ($110) for Casio's 
B.O.S.S. (Business Organizer Sched- 
uling System) appeared around the 
same time. 

The Mac and PC links allow you 
to transfer schedules, memos, phone 
numbers, and other information to and 
from desktop computers. The PC links 
for the B.O.S.S. and Wizard, developed 
by Traveling Software of Bothell, 
Wash., can also convert files to the 
SideKick or Lotus 1-2-3 formats. 

If the best thing about hand-held 
organizers is their small size, the 
worst thing is their tiny keys. But now 
that organizers can be connected to 
personal computers, you can type doc- 
uments on a full-size keyboard, then 
transfer them to an organizer, which 
serves as your commuter computer. 

Meanwhile, keyboards on the small 
machines are improving. The $260 
B.O.S.S. SF-8000 has the same fea- 
tures as other models, but it has a 
larger keyboard with raised, tactile 
keys. The B.O.S.S. has a QWERTY 
(typewriter-style) keyboard, and it's 
rumored that Sharp will have a 
QWERTY organizer too. 

Sharp's fax/modem card, which will 
be introduced early this year, gives you 
the ultimate connection to desktop 
computers. Pop it in, and you can send 
data from your pocket to your office 
over the phone. us: 


Optional cables connect Casio's SF-7500 (left) 
and Sharp's 02-7000 (above) to personal comput- 
ers. The Wizard has a 32-kilobyte memory, 
which can be expanded by inserting 32- and 
64-kilobyte integrated circuit cards. Casio's first 
three organizers have non-expandable 64-kilobyte 
memories, but the new Executive В.0.5.5. will 
have a slot for 64-kilobyte software cards. 
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Using elliptical mathematics, a retired chemist has invented 
a new dome shape he calls “geotangent.” The design solves 


some problems he found with geodesic domes. 


Cuapps Forn, Pa. 

Craig Yacoe has been in- 

trigued by geodesic domes 

since the '50s. But it wasnt 

until recently that he de- 

€ cided to make one 

“I tried to build a play dome for my 

grandchildren a few y з ago, and it 

didn't work out very well,” explains 

Yacoe, a former chemical engineer at 

Du Pont. One problem: He found the 

triangular panels used to form the 

dome were angled, not perpendicular, 

at the ground. Another: It was difficult 
to seal the joints. 

Yacoe never did finish the project, 

but remembered it later. “When I re- 
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By MARIETTE DiCHRISTINA 


tired I thought, well here's an inter- 
esting problem. Maybe I could use 
mathematics to solve these flaws." 

After five years of research, he pat- 
ented a new kind of dome, of mathe- 
matically selected four-, five-, and six- 
sided polygons. The dome, which he 
calls “geotangent,” solves the difficul- 
ties he found in the geodesic dome, 
and is more flexible: Using mathemat- 
ical formulas, it can be designed to 
any height and width—from a sphere 
to an elongated egg shape 

Yacoe has submitted the design to 
several potential builders: NASA is 
considering it for use in a Mars probe 
space station; the Department of En- 


ergy is looking into it for energy- 
efficient housing; and Spitz, Inc., a 
planetarium-dome maker also located 
in Chadds Ford, is interested too. 

The geodesic dome was patented in 
1954 by Buckminster Fuller. It has 
been used in many familiar buildings, 
including the dome at Epcot Center 
in Orlando, Fla. A self-supporting 
structure, the geodesic dome requires 
no internal posts. And, compared with 
buildings of comparable floor size, it 
has two-thirds the exterior surface; 
consequently it requires less building 
materials and is less expensive to heat 
and cool [Dec. '61, May '72, April '79, 
March '87]. 


Illustrations show the differences between 
geodesic and new “geotangent” dome designs: 
The geodesic dome (bottom) is composed of 
rows of triangular panels of basically equal 
size whose vertices touch an imaginary sphere 
(red line). The elliptical geotangent dome is 
more complicated (top): Imaginary ellipses 
(blue) are converted to rows of tangent polygons 
(of four, five, or six sides) where each 
ellipse touches another; the middle of 
the sides of the polygons would also 
touch an imaginary ellipsoid (orange). 
The vertices of these polygons, which 
in each row are identical or mirrored 
pairs, are above the imaginary ellipsoid. 
A circular geotangent dome also can be 
created by basing the polygons on circles 
inscribed in an imaginary sphere (not shown). 

Inventor J. Craig Yacoe studies a model of 
his geotangent dome (previous page). 


But a geodesic dome must always 
be some section of a sphere, something 
that may not suit all needs and spaces, 
says Yacoe. For example, if you cut 
the sphere much above the “equator,” 
you lose headroom on the sides. And 
those triangles create other engineer- 
ing challenges. 

“Geodesic domes lack bipolar sym- 
metry,” says Yacoe. You can see what 
he means in the drawing shown above 
right: “Where the dome meets the 
ground, the triangles are not perpen- 
dicular to the surface. So to put in 
doors you have to build out porticoes 
or entry ways.” The base plane of the 
first row of triangles is also not par- 
allel to the ground. Because five or 
six triangular panels come together 
at every joint, they are difficult to seal, 
he adds. 

While it’s hardly the first effort at 
improving geodesic domes, the geotan- 
gent design represents the first new- 
geometry solution to these problems, 
says Yacoe. His dome uses fewer com- 


ponents for the same-size building; it 
is symmetrical on both axes, and only 
three or four panels meet at each ver- 
tex. And the bottom ring of polygons 
is perpendicular to the ground. 

Yacoe explains how he came to de- 
velop his dome. “Га had the idea that 
we could start the design by drawing 
circles on the surface of an imaginary 
sphere,” says Yacoe, whose first pat- 
ent was for a spherical geotangent 
dome. “I take a point where the cir- 
cle touches the sphere and draw a 
straight line tangent to that point, 
which approximates the curved line. 
By surrounding each circle with 
straight lines, it is converted to a pol- 
ygon with edges tangent to the imag- 
inary sphere and vertices slightly 
above it,” he says. (See drawing at top.) 
“That gives the mathematical flexibil- 
ity to make any elliptical shape.” 

To help create the proper computer 
program, Yacoe hired William E. 
Davis, a retired mathematician. The 
two used an Apple II computer with 


additional memory for the calculations. 

“The computer conducts iterative 
analysis so the shapes will be either 
identical or mirrored pairs in each row 
around the ring,” explains Yacoe. The 
calculations start at the “equator,” and 
run clockwise around the ring, and 
then head up. 

With the computer program Yacoe 
and Davis developed, you can key in 
the dimensions of a dome. In less than 
a minute and 100,000 calculations 
later, you get a five-page printout that 
includes the lengths of sides and an- 
gles of each polygon, along with the 
edge bevels so that three-dimensional 
panels will fit together “like parts of 
an igloo,” says Yacoe. 


Real benefits? 


Some in the geodesic-dome indus- 
try look skeptically at Yacoe’s dome. 
Thomas Bible, a structural engineer 
at Steven Winters Associates in New- 
port Beach, Calif., says the geodesic 
dome’s height is generally an advan- 
tage because it creates a grander liv- 
ing space. Another concern he voices: 
“The strength of a geodesic dome 
comes from its spherical shape. As the 
shape is flattened, the stresses are 
increased.” 

Yacoe’s problem with cocked panels 
at the base was solved long ago, says 
Bible. “With the most common geode- 
sic design, some geodesic base panels 
are left out and filled with vertical 
panels,” he says. Or a row of vertical 
panels can serve as a base for the 
structure of a low-profile dome. This 
creates space for doors and headroom 
at the periphery. 

Bible adds that a geotangent dome 
also uses more shapes than the aver- 
age geodesic, a possible production 
problem. “With the most commonly 
used geodesic dome, there are two 
sizes of triangular panels.” A geotan- 
gent dome requires far more shapes 
than that. 

Roger Boothe, president of the Na- 
tional Dome Council and of his own 
company, Oregon Dome in Eugene, 
Ore., agrees, and adds that the larger 
geotangent-dome panels may be diffi- 
cult to ship. “What good is a clever 
theory if it is impractical?” he asks. 

Yacoe is negotiating with Spitz and 
the DOE for funds to build a geotan- 
gent dome 20 or 30 feet in diameter. 
“We also intend to add graphics to our 
computer program, so you can create 
a dome on screen,” adds Yacoe. 

Computers have made his dome pos- 
sible, he says. “You can do this sort of 
thing with a pencil and a slide rule, but 
you'd have to rent a monastery with 
one hundred monks and say, ‘Look, ГІ 
come back in ten years.’ Because that’s 
how long it would take!” 
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Apple's portable 
Mac: full-page ac- 
tive-matrix display 

with a 40-megabyte 

hard-disk drive in 

a 15.75-pound 

package. 


Apple's Mac attack on DOS machines is 
finally complete: The company now has a 
portable. It's compatible with Mac pro- 
grams, but at nearly 16 pounds and over 
$6,000, is it compatible with Mac users? 


By TOM JOHNSON 


Cupertino, CALIF. 
e've really 
'ruggedized" 
this one," 
says Jim 
Cook, com- 
puter prod- 

uct manager for Apple Computer, as he 

casually drops the classy black carry- 
ing case onto the table in front of me. 

Then, like a proud new father, he un- 

zips the bag and pulls out what's in- 

side. "It's the first member of our new 
product family," he says, gripping the 


И 
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machine with two hands. The com- 
puter is sleek, trim, and handsome, but 
at almost 16 pounds, this is a big 
baby. 

Tm at the company's corporate head- 
quarters to get a sneak preview of one 
of the most talked about computers 
in some time: Apple's portable Mac II. 
For two years Apple has been devel- 
oping the portable under code names 
like Malibu and Omaha. The goal was 
to create a portable computer that ri- 
valed the desktop version in a qual- 
ity display. And, by the look of what I see 


in front of me, the company’s done it. 

Cook taps a key, and the screen 
snaps to life, running through an im- 
pressive display of monochrome graph- 
ic images. The full-page-wide images 
are as sharp as the point on the tra- 
ditional Mac's arrow. “We use a 640- 
by-400-pixel active-matrix liquid-crys- 
tal display,” says Cook, “That puts a 
transistor behind every pixel.” 

Unlike passive LCD screens, the 
transistors in the active design ensure 
that a pixel can be turned on or off 
completely. That increases the contrast 
ratio, making the image much easier 
to see. The images were as crisp as 
anything I’ve seen on a desktop ma- 
chine. And because the screen is up- 
dated—refreshed—extremely quickly, 
there is no blurring on fast-moving ob- 
jects such as the cursor arrow. 

I didn't notice the most significant 
difference between the desktop Mac 
and the new portable until I sat down 
to try it: Instead of running a mouse 
around the tabletop, you rub your 
palm over a 1.3-inch-diameter ball —a 
trackball—next to the keyboard. Rub 
forward, the cursor moves up the 
screen. Rub to the left, the cursor fol- 
lows. (Traditionalists can plug in a 
mouse.) Except for some new software 
in the operating system to minimize 
battery drain and send up warning 
messages of a battery's declining pow- 
er, the portable Mac is very much a 
standard SE in a new case. 

It uses a C-MOS 68000 16-mega- 
hertz processor, one megabyte of RAM 
(expandable to two megabytes), and 
includes rear connectors for everything 
from an external disk drive to Apple's 
Desktop Bus for multiple peripheral 
devices. А basic model comes with a 
single 1.4-megabyte high-density flop- 
py disk that will read, write, and for- 
mat Macintosh, MS-DOS, 0S/2, and 
Apple II ProDOS disks. A second ver- 
sion has the same floppy plus a 40- 
megabyte hard drive. 

Despite all this, the mini Mac has 
some problems. It’s heavy, mainly be- 
cause of the battery. Rather than use 
a lighter nickel-cadmium battery, Ap- 
ple's designers opted for the bulkier 
lead-acid type. “We wanted the lead- 
acid for its long eight to ten hours of 
battery life,” says Cook, “and without 
the sharp power falloff of Nicads.” 

Another problem: size. Although the 
Mac portable fits under a plane's seat, 
the 4-by-15-by-15-inch case is too deep 
for an airliner’s fold-down tray and too 
bulky for anything but a conventional 
table- or desktop. 

Has the portable Mac been worth 
the wait? We might have to wait to 
find out. While prices for the two ver- 
sions are not yet set, Cook says they 
will be in the high $6,000 range. з] 
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Easy to learn—Easy to do 
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millions seek more protection against zooming crime. 
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Start Collecting CASH PROFITS Right Away 
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1o EARN MORE — ENJOY LIFE МОНЕ. 


Hundreds of Foley-Belsaw trained men 
have succeeded in this fascinating 
and highly profitable field . 


“Before enrolling 1 checked 
other courses and also asked 
for advice from several 
locksmiths in my area. They 
all said yours was tops 

and has the most 
versatile Key 
Machine. 

"I always 
wanted to be in 
business for myself 
and now I am.. 
thanks to 
Foley-Belsaw 
Institute 


David Fairbrother—Dave's Locksmith Service 
Milwaukee, Wisconsin 53209 


“I opened my own business, spare 

time, seven months after 1 enrolled and 

made a profit of $329 for the first week." 
B. A. Deberry Littleton, Colorado 
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"No more hard, nasty work for me. 
Now I have my own business and with 
hardly any effort 1 average around $50 
a day. Thanks for my new start in life." 
Sam Walker Prichard, Alabama 
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My secret is out. And, | feel | really 
ought to confess. 

Like many young men, before | was 
married, I'd bring my dates home. 
First, l'd show them my stereo sys- 
tem (very impressive). Then I'd show 
them my video equipment. D 

But, no matter what | showed them, 
nothing ever impressed my dates as 
much as my ability to make home- 8 
made bread. And oh, what delicious 
bread | made for them. 

My masterpiece was an Onion Dill 
Bread. It even had sour cream and 
cottage cheese in it. But, it took me 
hours to make. (Read on for my spe- 
cial Onion Dill Bread recipe). 

Well, if | had owned one of these 
all-new, totally-automated breadmak- 
ers, who knows how many dates | 
might have had. 

5 MINUTE WONDER 

You don't need to know a thing. If 
you've ever made homemade bread, 
you know that you normally have to f 
carefully mix the ingredients and then Ж 
knead the dough. 

Then, you have to let is rise. Then, 
you have to knead it again. 

Then, ithas to rise again. And finally, 
if all has gone well, you can put it in 
the oven and let it bake. It takes for- 
ever and then some. 

Well, no more. Now, you can sim- 
ply dump the ingredients into the 
Auto Bakery, turn it on and walk away. 

It does everything automatically, in- 
cluding baking. It will even signal 
you when it's finished. = 

You can forget being tied to the 
kitchen. Forget remembering to knead 
and punch down your dough. And, 
especially forget the normal mess and all the 
hard work of scratch baking. 

Now you'll have fresh-baked bread effort- 
lessly. Just spend 5 minutes dumping in 
the ingredients, and over the next 4 hours 
the Auto Bakery will do everything else for 
you, automatically. It's a cinch. 
SPROUTED WHEAT TO SQUAW BREAD 

Sure, you can make white bread. And, it's 
so fresh, your taste buds will drag you into 
the kitchen in anticipation. 

But, wait till you see the fun you'll have 
and the accolades you'll get for the exotic, 
frustration-free gourmet breads you'll be 
able to make automatically anytime. 

Imagine how healthy and great-tasting 
whole wheat bread with sprouted wheat can 
be. Іп squaw bread, you'll have the richness 
of raisins, honey and 3 kinds of flour. (It's 
really easy and it only takes a few minutes.) 

Even if you've never baked before, you can 
make the most exotic breads. In fact, with 
the Auto Bakery, you get 50 of the Kaplan's 
favorite bread recipes. They're great! 

Anyway, just dump in the ingredients. 
You don't need to know anything about 
yeast, gluten or any of the complicated 
things that have always made breadmaking 
the territory of sophisticated cooks. 

Now my 10-year-old son (a chip off the 


old block) can make bread just as good as | 
can. This machine is incredible. 


reat-tastin 
'ERYTHING else is done for you automatically. 
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IT REALLY WORKS! 


5 Minutes to Homemade Bread 


Now you can effortlessly make wholesome, preservative-free, 
minutes you can literally dump in the flour and other ingredients. 
By Drew Kaplan 


homemade bread. In less than 5 


Imagine having all the healthful goodness of fresh, wholesome, delicious homemade bread hot from 


the oven without all the mess and work of baking from scratch. All it takes is 5 easy minutes. Wow! 


We've made tomato juice bread. We've 
enjoyed orange juice bread with orange 
peel. And, our kids simply love fresh cin- 
namon bread for breakfast. 

It's great for diets. OK, you can make 
chocolate cinnamon bread if you want. But, 
I'm always on a diet (sigh). 

Now | can enjoy a wedge of whole wheat 
goodness, with fiber, without ruining my 
diet. | can put in just the ingredients | want. 
And, it will be the purest, most wholesome 
best-tasting bread | can get anywhere. 

So, | can have all the healthful goodness 
without spending hours kneading dough. 
Now we all can enjoy the benefits of warm- 
from-the-oven, homemade bread. 

DISCOVERED IN JAPAN 

1 was in Tokyo on an electronics buying 
trip. | was fortunate enough to be invited to 
the home of a good supplier. 

That's where | first saw this bread-making 
wonder in action. | absolutely had to have 
one of these bread-baking marvels. 

But, nobody had brought it to the U.S. 
And, when | found the manufacturer, they 
thought it would be great for rural people 
who already made bread. 

Boy, were they wrong! Rural people al- 
ready put more emphasis on homemade 
goodness. It's us hardworking city folks 
whocan only hunger for the fresh goodness 
of real homemade bread. 


MOM VS. THE MACHINE 

But, is it as good? We've made over 100 
loaves of bread in the Kaplan test kitchen. 
And, my mother makes homemade bread 
all the time. She’s an excellent cook. 

She thought the Auto Bakery would only 
be good for simple white flour breads. Boy, 
was she in for a surprise. 

In fact, she was so sure it couldn't be 
done, the first time she made a heavy squaw 
bread, she made it both ways. 

She made one loaf the old-fashioned, 
manual way with all the kneading and mess. 
And, she made the other in the Auto Bakery. 


Here's my momvaliantly trying to outdo the Auto 
Bakery. It took her 11⁄2 hours to do what the Auto 

Bakery did in 5 minutes, automatically. 
She was astonished by the rich texture of 
the bread from the Auto Bakery. And, | now 
(Next Page Please... 


.. Homemade Continued) 
have her signed testimonial that there was 
absolutely no difference between the loaves. 

FEAR OF BAKING 

The Auto Bakery is really forgiving. We've 
deviated from our recipes by as much as 
2096 and it simply doesn't seem to make 
any difference in the bread. 

In fact, my 10-year-old left out 1/2 cup of 
flour when he made an oat bran bread (a 
family favorite) and it was still perfect. 

And, look at this. There's almost no pre- 
mixing required. So, forget mixing bowls. 
And, forget complicated instructions. 

No matter which bread you make, you 
cangetthe ingredients right from the boxes 
and bags. Just, use a measuring cupto dump 
them into the Auto Bakery. 

It's so easy that, if you're like my family, 
you'll be trying a great-tasting, wholesome 
new bread virtually every day. 

So, you'll only have to spend 5 minutes to 
make the bread. Then, let the Auto Bakery 
spend the next 4 hours freeing you from 
drudgery of baking from scratch. 

There are just 3 pieces to rinse and you're 
ready to make your next loaf. You can see 
them in the first picture below left. You'll 
rinsethe dough hook, the dough paddle and 
the 1% pound cylindrical baking pan. So, 
there's virtually no clean-up. 

The Auto Bakery has a built-in timer. So, 
you can dump in the ingredients and have 
fresh bread up to 12 hours away. It's mar- 
velous to wake up at 7 AM to the fragrant 
aroma of freshly-baking bread. 

PERFECT DINNER PARTIES 

Imagine the pleasure guests will experi- 
ence when they try your latest herb bread. 
You can add whole grains, dried fruit, nuts, 
vegetable purees or even pepperoni. 

Whenever you entertain, guests will be 
amazed and thrilled when you serve the 
most exotic and healthy breads. And, who 
better to entertain than your family? 

| can't overemphasize how easy it is to 
make bread with this revolutionary new 
machine. It's simply amazing. 

HERE'S HOW IT WORKS 
You may only spend 5 minutes dumping 


don't have to worry about room tempera- 
ture because it's totally controlled by the 
onboard computer. 

After the bread has been allowed to rise 
for about 30 minutes, it's kneaded again. 
This second kneading is very important 
because it causes the dough to become 
elastic for great texture. 

After its second kneading, the dough is 
again allowed to rise. Finally, after a slight 
forming knead, the heating element comes 
on to full power and the bread is perfectly 
baked everytime. It's great. 

You'll have the best crust ever with this 
bread because the heating element is wrap- 
ped around the cylindrical pan. 

There's even a crust crisping control so 
that you can actually match the computer to 
your own personal taste. 

Finally, after the baking is complete, a 
ventilator removes excess moisture from 
the bread. At this point you may remove 
your masterpiece and enjoy. 

Plus, you can watch the entire process 
through the clear dome. It's fascinating. 
Just look at the pictures below. First, you 
can see the waiting cylindrical pan with its 
dough hook and paddle. 


entire process through the clear dome. 
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TIME OF DAY 


MENU START TIMER SET 
Just touch ‘Start’. The easy-to-read LEDs show 
you each step of the baking process. 

In the second picture, you can see the 
flour and other ingredients I've dumped in 
to make the bread. 

In the third picture you can see what the 
soon-to-be dough looks like. And finally, in 
the fourth picture, you can see just what the 
bread looks like when it's finished baking. 

WHY DAK? 

After 22 years in electronics, DAK has a 
great deal of clout with our suppliers. The 
Auto Bakery (and several other top pro- 


Here is my famous (or infamous) Onion 
Dill Bread. It's worked for me for nearly 20 
years. And, my mother's squaw bread recipe 
and lots more are in our cookbook. 

You'll prepare everything from beer bread 
to cheese bread to french bread to graham 
flour bread and much more. Oh yes, you can 
also prepare dough for rolls, bagels, crois- 
sants and other baked goods, but | like mak- 
ing all kinds of delicious breads best. 

DREW'S ONION DILL BREAD 

It's really easy. Just dump the following 
into the Auto Bakery and come back when 
it's finished. 1 Package of yeast, 3% cups of 
flour, % cup warm water, % cup each of cot- 
tage cheese and sour cream, 3 tablespoons 
each of sugar and minced onion, 172 table- 
spoon each of butter and dill seed, 1% tea- 
spoon of salt, % teaspoon of baking soda and 
1 egg. Then, let the Auto Baker go to work. 

THE AUTO BAKER 
RISK FREE 

Wait till you experience freshly-baked 
bread. You'll savor the aroma. You'll savor 
the taste. And, your body will savor the 
homemade healthful goodness. 

If you don't think it's the easiest way to 
make delicious homemade bread, simply 
return your breadmaker to DAK in its original 
box within ЗО days for a full refund. 

To order DAK's Auto Bakery Computer 
Breadmaker complete with Unique Non- 
Stick Cylindrical Pan, Easy-To-Follow ‘Plug- 
In-And-Bake' Instructions, plus The Kaplan 
50 Best Recipes, risk free with your credit 
card, call toll free or send your check for 
DAK's price of just $279 ($14 P&H) Order 
No. 6214. CA res add tax. 

For thousands of years people have had 
to knead bread. Now, for the first time ever, 
the taste, the aroma and the goodness can 
effortlessly be yours. 


lit Card Orders Only 
EUIS 7 Days A Week 


Call Toll Free. 


For Toll Free Information, Call Eee suis 

Тесты Information.. 

ay Other Inquiries. 
i200 Remmet Ave., Canoga Park, “CA 91304 
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Simply dump in your ingredients. The Auto Bakery automatically mixes the dough, lets it rise, kneads it, lets it rise again, kneads the dough a second time 
and then bakes it. In just four short hours you'll have the most delicious, most wholesome bread you've ever tasted. All you have to do is eat it and enjoy. 


in your bread fixings. But, the powerful 
computer brain, (yes, it's registered as a 
Class B computing device), will spend the 
next 4 hours preparing perfect bread. 

Inside its uniquely engineered cylindrical 
1% pound non-stick baking pan, you'll find 
a dough paddle. When you first turn it on, 
this powerful dough paddle mixes all the in- 
gredients for you. 

After about 15 minutes, it stops and 
allows the dough to rise. It's important to 
note, that unlike conventional methods, you 


ducts) will now proudly carry the DAK brand 
name. While we didn't invent the Auto 
Bakery, we wanted it in this country. 

And, although we can't mention the actual 
manufacturer, they are a mammoth in every- 
thing from computers to kitchen appliances 
to audio and video equipment. 

You can be assured that | won't put the 
DAK name on any product that | don't think 
isabest, bestever. The Auto Bakery is back- 
ed by DAK's 10096 satisfaction guarantee 
and DAK's limited warranty. 


PRICE SLASHED 
NOW JUST $199 


Use Order 6214. Plus ($14 P&H) 
We've made a massive buy and blasted 
the price of these amazing automated bread- 
makers. Plus, we have a new EXPANDED 
58-recipe cookbook. You should see all of 
the "it's great' letters l've received from 
happy bread bakers. And, now you can try 
one risk free at a special discount price. 


PERHAPS YOUR FUTURES 
UP IN THE AIR. 
AND YOU JUST DON'T 
KNOW 


I a Te undecided but looking 
= = forafuture thats 
i ; exciting, 


rewardin 

and full of possibilities allow us cT the rightdirection: Ub. 
A In the Air Force. We've got openingsin to-.— days fastest-rising careers. 
" From computers and communications to #@ electronics and avionics. 
Over 200 in all. But dont let the number of choices # | intimidate you. If youre 
not already sure about which field you want, our f. unique screening and 
orientation process can help. Itevaluates your strengths and interests, 
and helps you find a career that © *. | 
makes the most of them. You may | 
discover talents (and valuable s 
opportunities) you- Ug 
never knew you had. Of course, іў 
nomatterwhatcareeryoupick.; а 
youll get top-qual- 
ity training and guaranteed hands: -on experience | 
in your area of choice or aptitude. 


you build a career You can pick up college 
credits or even а degree in the fully-accredited 
Community College of the Air Force. 
Sowhatever your dreams are if you want м 
to get them off the ground, call 
1-800-423-USAF , 
It could be one of the more uplifting 
things you ever do. AIM HIGH. 


Plus the chance to continue your education c as | 


TECHNOLOGY 
TAMES 
SNOW 


Engineering innovations from 
four snow-thrower manufac- 
turers make removing snow 
easier—in large gasoline- 
powered as well as small elec- 
tric machines. A new triangu- 
lar track and a controlled dif- 
ferential give improved trac- 
tion; a unique "cone-drive" 
system provides infinite- 
ly variable ground speed; 
and an unusual auger- 
and-chute design im- 
proves the performance 
of electrics. 


By TIMOTHY O. BAKKE 


could hardly believe what I saw. 
Even after I saw it work I was 
mystified. 
I was at the annual Outdoor Pow- 
er Equipment Institute Exposition, 
in Louisville, Ky., and “it” was a 
snow-thrower transmission with a 
new drive system from Yamaha Mo- 
tor Corp. What was so unusual about 
the drive? It smoothly controlled the 
speed of the transmission output shaft 
over an infinitely variable range like 
continuously variable transmissions 
Td seen in cars such as the Subaru 
Justy But this drive system did so 
without any belts, gears, hydraulics, 
clutches, or electronic controls. 
An operational cutaway of the trans- 


mission at the Expo, in which all the 
parts were visible, had a hand crank 
connected to the input shaft on one 
side and a speed-selecting lever pro- 
truding out front. In the center of the 
unit, three conelike components re- 
sembling inverted spinning tops re- 
volved around a disc and rotated on 
their axes at the same time, all in con- 
cert with the input shaft. 

While turning the hand crank at a 
constant speed, I slid the selector 
through its speed range with a fluid 
motion—there were no detents. As I 
moved the lever, the cones' revolving 
speed slowed while their rotation in- 
creased; the output shaft in turn went 
from a standstill through maximum 


speed with incredible smoothness. 
How the drive system accomplished 
this feat was beyond me at the mo- 
ment. And I wasn't the only one puz- 
zled. An engineer visiting the Expo 
peered over my shoulder while I 
cranked away. When I stepped aside, 
he came forward and studied the unit 
for several minutes. He shot me a 
quizzical look and said, *How the hell 
does it do that?" Then he walked away, 
shaking his head. 

Thus I was introduced to the so- 
called “cone-drive” transmission in 
Yamaha's just-introduced Ricky snow 
thrower. 

Two of the most important quali- 

Continued 
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ties of a snow thrower are good trac- 
tion and the ability to remove snow 
effectively. The cone drive is just one 
of a number of recent engineering in- 
novations that promise to improve the 
performance of snow throwers in these 
areas. Another alters the speed of the 
snow-throwing impeller fan with var- 
ying load, or snow, conditions. A third 
innovation improves traction with a 
bulldozerlike track; while that's not 
unusual, the track's triangular design 
is. In another development, a hybrid 
differential combines the traction ben- 
efits of a rigid axle with easy maneu- 
verability. Lastly, a new electric snow 
thrower sports an unusual auger-and- 
housing design to lift its performance 
shoulder-to-shoulder with that of its 
gasoline-powered single-stage cousins. 


enerally, there are two varieties 

of snow throwers, single- and 

two-stage. Single-stage machines 
scoop up and throw snow with a ro- 
tating auger, all in one motion. All 
electric and some small gasoline-pow- 
ered units are single-stage; none have 
power drives. 

А two-stage snow thrower first col- 
lects snow with its auger, then gives 
it an extra push out the chute with 
an impeller fan. Most have some kind 
of power drive, therefore traction is 
important. 

There are many ways to achieve 
good traction on a self-powered snow 
thrower. One of the most common is 
the use of a rigid axle, where both 
wheels always turn simultaneously. 
Another is to replace the wheels with 
tanklike tracks. Tracks, especially on 
large, heavy machines, may reduce 
maneuverability, however. 

Wheeled snow throwers with rigid 
axles are also hard to turn in a tight 
spot. So some manufacturers use dif- 
ferentials, which provide easy turn- 
ing because the right and left wheels 
can rotate independently. But the cost 
is some loss of traction. Think of the 
last time you got stuck in the snow 
with your car. The same thing applies 
to a snow thrower with a differential — 
if one wheel is on ice, it will spin 
uselessly. 

Enter the Bolens/Garden Way Easy- 
Trac controlled differential. Easy-Trac 
allows the right and left wheels to 
turn at different rates—but only up 
to a point. “It’s a kind of limited-slip 
setup," says Dudley Ramaker, vice 
president of engineering for Bolens. 
"There is friction material located at 
the left wheel, sandwiched between 
steel plates held by spring washers. 
These allow the wheels to counterro- 
tate slightly for turning, but if one 
wheel spins on ice, the friction plates 
reengage the axle." 
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CLOSE SCRAPING 
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Bolens is the only snow-thrower man- 
ufacturer to have a limited-slip differ- 
ential, but is it necessary? Wouldn't 
chains help traction enough, even on 
a conventional differential? "Chains 
are good as far as they go," says 
Ramaker. “But even chains clog up 
and may slip on ice; you'd want some 
way of engaging the axle to ensure 
good traction in all conditions.” 


ack drives are the other side of 
the traction coin. "We are commit- 
ted to the tracked system for its 
superior traction capability" Yama- 


DRAWINGS BY MARIO FERRO 
ha's product planning manager, Cur- 
tis Schmidler, told me, “but up to now 
we've only had large, heavy-duty ma- 
chines. We needed to develop a com- 
pact version, but we wanted it to bea 
tracked, two-stage, high-quality, light- 
weight unit. That predicates a small 
but high-quality drive system, and 
that's where the cone drive comes in." 

Originally developed by a Japanese 
company called Shimpo for power con- 
trol in large electric motors, the cone 
drive was adapted by Yamaha for its 
five-horsepower Ricky. 

"Think of the cone drive as a plan- 


scribed as a beltless СУТ. It provides 
an incredibly smooth transfer of power 
that for the first time allows infinite- 
ratio speeds in a compact two-stage 
snow thrower with tracks for improved 
traction. 

Tracks are terrific for traction . . .un- 
til the drive sprockets clog with ice 
and slip. Simplicity Manufacturing's 
solution to that problem calls to mind 
the famous Caterpillar raised-sprocket 
track you see on large earth movers. 
“Unlike conventional setups, our track 
runs in a triangular pattern over three, 
rather than two, sprockets,” says Sim- 
plicity product manager Dick Marcel- 
lus. “Because the drive sprocket is lo- 
cated high on the machine, it is less 
exposed to dirt and ice. Also, the rub- 
ber track flexes only 130 degrees, as 
opposed to 180 on a flat-track design, 
so it doesn’t wear out as quickly.” 
unusual triangular Having good traction without effici- 

ants oe ent snow removal, however, is like 
off the ground. A foot trying to run the 100-meter dash on 
usts the unis ОПе leg. Bolens uses a ribbon auger 


positions: scraping, that has steel bands arranged in over- 

ae ig Bel pred cam es Power lapping figure-eights to chew up snow 
1 quickly. In Yamaha's sawtooth auger, 

spring-loaded variable-rate pulley allows tWO pairs of large saw-blade-like discs 
the impeller drive belt to move up and down, 216 canted toward each other in a 
changing pulley ratio, as it responds to power V-shape to slice through snow. Both 
demands. The Yamaha transmission (above) also use second-stage impeller fans to 
speed control. Instead, toss the snow. Simplicity’s new Power 

qe ена (inset) іта the Boost system adds to the auger/impel- 
ground-speed output over an infinite range. The Continued 
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LOW SPEED HIGH SPEED aoa motor with the efficient design of the 

auger and housing ). The curve of the 

‘auger forces all the snow up and into the center 

of the housing as the auger spins. The inverted 

funnel shape of the housing and chute directs 

etary transmission without teeth on „ич iene pee pr omen 

the gears," Schmidler continued. "It without clogging than with other designs, says 
works by friction instead. There are The Toro Co. v 


input and output shafts; the outer con- 
trol ring is the sun gear; and the cones 
are the planetary gears. That's really 
all there is to it.” 

If it works by friction, how is slip- 
page prevented? "The pressure-control 
cam [see drawing] applies varying 
amounts of contact pressure to the 
cam disc, control ring, planet cones, 
and input disc according to operating 
conditions," Schmidler explained. The 
result is a system that could be de- 


DIRECTION OF SNOW 
POPULARSCIENCE JANUARY 1990 | 83 


Build Your Own 
Home and Business 


Distributors | 
Wanted in 
select areas 


Join the industry 


leader by becoming 
a distributor of 

our innovative 

steel frame homes 


Itis easy to start your own business with: 


* Lowrefundable 


* Advertising support 


investment programs • Construction assistance 
e Unrestricted territories» Hands-on construction 


* No franchise fees 
Substantial discounts © Training 8. support materials 


and sales training 


* Noinventory required • Hundreds of floor plans 
The advantages of Lifetime Homes include: 


* Super energy efficient 


* Fire & termite resistance 


insulation (R-30) * Fast, simple construction 


* High strength 
* Low maintenance 

* Affordability 

* Custom design service 


For a video tape or a Free Information Packet call Paul Samuels today! 


Toll Free: 1-800-TRI-STEEL | 


or (214)580-1200 Fax: (214)550-0353 


* Seismic 4 earthquake rating 
* Clearspan interior flexibility 
+ Over 80 standard models 


Irving, TX 


100+ m.p.h. wind resistance 


PROFESSIONAL QUALITY 
WEATHER STATION 
NOW AFFORDABLE 

ENOUGH FOR HOME USE! 


Te new bes erro v weather gation uses state-of- 
the-art technology to five you full monitoring сај 
bility at an incredibly low price. The Weather?ro 
includes a weather computer, remote precision wind 
direction vane, wind speed sensor, external temper, 
ature probe, mounting hardware and 40" of cable-all 
for only $179! 


*WIND SPEED WIND GUST 
* TEMPERATURE *WIND CHILL 
*WIND DIRECTION *TIME 

*TEMPERATURE HI/LO *AUTO SCAN 


*RAINFALL (OPTIONAL)* *1 YEAR WARRANTY 
*14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $179! 
ORDER TODAY:1-800-678-3669, PS 


M-F 7AM-5:30 PM Pacific Time 


“Automatic: ENT electronic rain gauges a 95 
Add $40 for JC) А residents add sales tax 
D I * MIC and VI 


ТТАР? 


3465 DI AVE, HAYWARD, CA 94545 


84 | POPULARSCIENCE JANUARY 1990 


О New 
L] Change of address 
| TAYR. 13.94 


Dipomerfencked 


Occasionally we make our mailing ist available to reputable 
YI youd tke yout поте removed fom 
Check the box below. 

C Pleose remove my nome from your list. 


Mail to: POPULAR SCIENCE 
PO. Box 2571 
Boulder, CO 80302 


| i 

5 
I dH 
E 
li B Я 
| EHE i 
li ni d 
п HB 
| Wel 
i Bid "E 
| i85 
| 
| 
| 


lona whose product or services moy De of kerast 1o 


Renewal | 


O 2YRS. $24.97 l 
| О1ҮВ. (Canada and Foreign) $17.94 
Ови те loter 


ZIP CODE 


STATE 


= 


n = 
Technology tames snow 
Continued 


ler formula by varying the speed of 
the second-stage fan. 

“We use a spring-loaded variable- 
rate pulley on the engine output shaft 
to hold the impeller drive belt,” says 
Marcellus. “The effective diameter of 
the pulley changes, maintaining the 
fastest impeller speed the engine can 
power under a given snow condition.” 
As the unit moves through heavy snow, 
for instance, the impeller exerts in- 
creased pressure on the variable pul- 
ley, causing it to open up. This changes 
the pulley ratio, slowing down the im- 
peller slightly. The slower the impel- 
ler’s rpm, the more torque is availa- 
ble for clearing snow out of the hous- 
ing. Conversely, under lighter load 
conditions, the pulley closes up, and 
the impeller spins at a high rpm, throw- 
ing the snow farther. 


Electric snow removal 


Another route to snow removal is 
taken by The Toro Co.—in a single- 
stage electric unit. Typically, electrics 
use straight rotating drums with rub- 
ber flaps that sweep snow into the 
housing and out of the way. They're use- 
ful for small areas and light snowfalls. 

"The Power Curve is the first all- 
new electric snow thrower to be intro- 
duced in a decade," says Tom Swain, 
Toro marketing manager. "It is de- 
signed for real work—clearing a fifty- 
foot two-car driveway of four inches of 
snow in ten minutes, for example. We've 
even tested it in ten inches of snow.” 

A look at the Power Curve reveals 
how it is different from other electrics 
—and how it got its name. The ther- 
moplastic auger, or rotor, is cast as one 
piece with two blades that form a par- 
abolic curve (see drawing). 

“We designed the auger and the 
housing to work together to concen- 
trate the snow into a stream as it is 
being thrown out the chute,” says 
Toro’s program engineer, Floyd Nisk- 
anen. “The curved shape of the rotor 
collects the snow; the housing is 
shaped like an inverted funnel to di- 
rect the stream directly into the chute.” 

Power comes from a 12-ampere elec- 
tric motor that spins the auger at 
1,650 rpm with enough force to throw 
snow 30 feet, according to product 
manager Rob Beachy. That’s perform- 
ance comparable with many gasoline- 
powered single-stage machines. 

“We knew electrics were capable of 
hard work,” Beachy told me. “It was 
just a matter of the right design” I] 


MANUFACTURERS’ ADDRESSES 

Bolens/Garden Way, 215 S. Park St., Port Washington WI 
53074; Simplicity Manufacturing, Inc., Port Washington WI 
53074-0997; The Toro Co., 8111 Lyndale Ave. S., Minne- 
apolis MN 55420; Yamaha Motor Corp., 6555 Katella Ave., 
Cypress CA 90630 
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Smart ' 
exhaust 


Yamaha engineers found that putting a 
computer-controlled throttle in the muffler 
broadens a motorcycle engine's power band. 
The idea could work for cars too. 


By STUART Е BROWN 


otorcycle engine designers are masters at 

squeezing startling amounts of horsepower 

out of small-displacement motors. For ex- 

ample: There are 1,000-cc street bikes avail- 

able that generate about 130 horsepower 

at the crankshaft. The impressive horse- 
power numbers produced by these small power plants are 
the product of high engine speeds—revolutions in excess 
of 10,000 per minute are common— working along with 
big carburetors and wild valve timing to stuff lots of fuel 
into the cylinders. 

There is a price to pay, however, for dazzling high-rpm 
performance: Power output can be uninspiring at low to 
medium engine speeds, and idling uneven. The dynamom- 
eter chart (see graph) for one of these highly tuned en- 
gines will typically show a torque curve with a big dip on 
its way up to maximum output. The dip is caused by un- 
ruly pressure pulses that occur in the engine's exhaust sys- 
tem. Like a trumpet being played by a musician, an exhaust 
system is host to waves of positive and negative internal 
pressure that vary with the speed the engine is turning. 

Engineers at Yamaha Motor Co. in Japan have tamed 
these pressure waves by putting a movable "throttle" in 
the exhaust system, making it adaptable to changing en- 
gine speeds. The result is stellar high-rpm performance 
and much improved power at lower engine speeds too. 


Ghastly acronym 


The Yamaha system, which bears the ghastly acronym 
EXUP (for exhaust ultimate power valve), consists of a 
crescent-shaped valve located in the collector between the 
exhaust pipes and the muffler. As engine speed changes, 
the valve is opened and closed by an electric motor con- 
nected to an engine-speed sensor. The valve setting is con- 
trolled by a microprocessor with software containing optimal 
openings developed from dynamometer studies. 

High-performance engines are usually designed with a 
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The California version of Yamaha's FZR600, the muffler end of which 
is shown here, has a smart exhaust system. 


long valve-timing overlap—the period during which both 
the intake and exhaust valves remain open. This is when 
pressure waves can help or hinder performance; they typi- 
cally do both. Negative pressure waves work like a vac- 
uum cleaner during valve overlap, sucking exhaust gas from 
the combustion chamber and helping to draw in a fresh fuel- 
air mixture. The rpm range where negative pressure is pres- 
ent will be marked by an upturn in the torque curve. 

Inversely, positive pressure in the exhaust system tends 
to push exhaust gases back into the engine and push the 
incoming fuel mixture back into the carburetors; this rpm 
range will be marked by a falloff in the torque curve. 

Designers can tailor the length of the exhaust pipe so 
that a negative pressure wave arrives during valve overlap 
at high rpm for good maximum power, but this shifts the 
positive pressure wave lower in the engine-speed range 
where it manifests itself as soggy performance. Until now 
these limitations have forced engineers to seek the best com- 
promise between performance and flexibility. 

Kiyotaka Yamabe and Hideaki Ueda of Yamaha’s Third 
Engineering Division report that throttling the exhaust 
flow by partially or completely closing the valve dissipates 
the energy of the positive pressure waves present at idle to 
medium engine speeds, permitting the engine to breathe 
normally during valve overlap. 

The Yamaha engineers claim that a torque gain of 30 to 
40 percent was realized by installing the exhaust-throt- 
tling system on the company’s FZR400R motorcycle (see 
chart). Idling stability was improved, and hydrocarbon emis- 
sions at idle were lowered 20 to 30 percent. These last two 
improvements are due to eliminating “blow back” of un- 
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AQUA PURIFIER IONIZERS 
ELIMINATE CHLORINE 100% 


CONTROL ALGAE & BACTERIA 
WITHOUT HARMFUL CHEMICALS 
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watts of power to operate • Saves time 
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Free Catalog 
Subscription 
Call for yours today! 
Our new 120 page, full- 


color catalog is packed 
with over 4.000 new and 
best- woodworking 


tools, supplies, kits & books. 
РЕН a question 


about the right tool for the job? About 
sharpening? Need help with a project? Our 
expert technical reps are just a free phone 
call away! It's all part of Woodcraft's service. 
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Only NordicTrack gives 


you a total-body workout. 


NordicTrack: World's Best Aerobic Exerciser 


Treadmills, exercise bikes and stairclimbers don’t 
give you half the workout NordicTrack does. 


If you're thinking about buying an in- 
home aerobic exerciser, consider this. 

For the most part, most exercisers 
ignore the muscle groups in your back, 
your chest, your shoulders and your 
arms. 

Meanwhile, NordicTrack exercises all 
the major muscle groups in both your 
upper and lower body. 

NordicTrack's lower-body exerciser 
works your hip flexors, gluteus muscles, 
thighs, hamstrings, knee extensors and 
calves. Its upper-body exerciser works 
the extensor muscles of your back, your 
trunk, rotators, biceps, triceps, chest and 
upper back. 

By doing this NordicTrack quickly and 
comfortably elevates your heart rate to 
the fitness-building level. 

And of course, it burns more calories 
than any other type of aerobic exercise 
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machine. 

Why settle for less than a total-body 
workout? 

Get on track with NordicTrack. 
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Smart exhaust 


Continued 


burned fuel into the carburetors. Blow- 
back creates a doubly rich fuel mix- 
ture by forcing the same air to travel 
backward and forward through the 
carburetors where it picks up fuel in 
both directions. Finally, engine noise 
was reduced by more than half at idle, 
when the valve almost completely 
blocks the exhaust pipe. 

The adaptable exhaust system is in- 
stalled on 400-, 600-, and 1000-cc 
Yamaha sport bikes sold in the United 
States. And the company’s engineers 
volunteer that it’s applicable “to prod- 
ucts other than motorcycles.” Coming 
from the people who developed the 
punchy V6 engine in Ford’s SHO Tau- 
rus, and who have quietly performed 
much engine development for Toyota, 
this would seem very likely to in- 
clude... hot cars. 


то MUFFLER 


or 


Yamaha's EXUP valve (top) fits in the collector 
box that joins the header pipes to the muffler. 
Valve position varies from nearly closed at idle 
to wide open at full-throttle setting. 


$ 7 » 3 її 
ENGINE SPEED (RPM х 10°) 


The solid line in this graph traces the torque 
curve of Yamaha's FZR400R motorcycle with a 
standard exhaust system. The sharp drop in 
torque in the 5,000- to 8,000-rpm range is caused 
by a positive pressure wave in the exhaust sys- 
tem. The dotted line shows the power improve- 
ment achieved with the exhaust-throttling system. 


All-wheel alignment 
[Continued from page 71] 


of patented wedges, cam bolts, and 
tapered shims that provide ways to 
correct camber, caster, and toe on 
nonadjustable rear wheels. In some 
cases similar kits are available for the 
front suspensions on front-wheel-drive 
and four-wheel-drive vehicles. 

Here's an example of a situation in 
which a kit was useful: А customer 
brought in a 1986 Ford Taurus whose 
rear tires had suddenly begun to wear 
rapidly on the inside edge. The tire 
tread on the outside edge looked like 
new. This kind of wear pattern often 
indicates too much negative camber 
—the rear wheels were tilted inward 
at the top. An inspection of the rear 
wheels confirmed this deduction as 
did the readings on my computerized 
wheel-alignment machine. 

Though I needed to adjust the rear- 
wheel camber and toe, I soon read in 
the spec book that the Taurus's rear- 
wheel camber was not adjustable. 
Fortunately, I discovered that Ford had 
issued a technical service bulletin for 
the '86 Taurus that recommended the 
installation of a kit that makes it pos- 
sible to adjust the rear-wheel camber 
angles. And it permits the lower con- 
trol arms to move along a horizontal 
line parallel to the rear axle. 

Following the kit's directions, I used 
a drill to elongate the holes by which 
the lower control arms for the rear 
wheels were bolted to the body. I then 
installed two locking cam bolts in the 
elongated holes and rebolted the con- 
trol arms. After that, adjusting the 
rear wheel camber was easy. The cus- 
tomer's tire-wear problem was solved. 


How often? 


Auto and tire makers often suggest 
a wheel-service checkup every 7,500 
miles, but rapid tire wear can be a 
sign that you need it sooner, says Gen- 
eral Motors' tire and wheel expert, 
Robert J. Higgins: *You may not need 
a four-wheel alignment often, but 
when there is irregular tire wear, it's 
best to have an alignment check." 

“It is important to use good judge- 
ment about how often a car owner 
should have the wheels aligned," says 
Chrysler's Ray Bollman. “Wheel- 
alignment problems will generally 
show up in tire wear or a noticeable 
change in handling. For instance, you 
might notice an off-center steering- 
wheel position." 

Today the only practical way to get 
a four-wheel alignment is to search 
out a mechanic with modern align- 
ment machinery and the expertise to 
use it. That means the once-popular 
$9.95 front-wheel alignment has been 
replaced by an all-wheel alignment 
that may cost over $100. йз 


NOW! Get in on the 


i \ 


BY, 
REPAIR! ~~ 


Work part time, full time— 
right at home—we help 
you every step of the way. 


No doubt about й... as a small engine pro. you can cash 
in on the huge demand for qualified men in one of Amer- 
ica's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 
Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn.. 
and one-million new engines are being built each month 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers. tillers, edgers. 
power rakes. garden tractors. chain saws. minibikes 
snowmobiles, generators. go-carts. paint sprayers. 
snowblowers . . . the list is almost endless 


Professional Tools and Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP. . . All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated... so clear you 
Can't go wrong, and with our famous ‘learn-by-doing’ method 
you get practical "hands-on experience. We also Show you 
how to get business, what to charge, where to get supplies 
wholesale ...all the inside tricks of the trade you need to 
assure Success right from the start 

Send for FREE Facts — Do It TODAY! 
NO Obligation - NO Salesman Calls! 
You risk nothing bv accepting this offer to see how. 
easily you can learn the skills vou need to increase 
your income in a high-profit business of your own. 
Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 


by return mail. : 
à FREE 
RUSH COUPON TODAY 1 


Send for your. 
сору today! 


] YES, please send me the FREE booklet that e 
В full details about starting my own business in Small 
A Engine Repair. | understand there is No Obligation and 
1 that No Salesman will call on me. 


d ME eT | 
| —— Н 
Суре. Жини 
1 


L STATE. 


NEW FREE BOOK 
DISCUSSES 


HOW TO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

* Approximate Royalty Rates Man- 
ufacturers are Currently Paying 

* If Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 
Patenting 

Our reason for giving away information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 
nist will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-71 Fre- 
mont, Ohio 43420. 


r MAIL THIS COUPON 1 


I Mr. K. O. Kessler. President 1 
g Kessler Sales Corporation 1 
Dept. D-71 Fremont, Ohio 43420 

Please mail me the FREE booklet explaining Ё 
how to go about selling my invention. This § 
does not obligate me in any way. I am enclos- 

ing $1 for postage and handling, so rush the Ё 
booklet by return mail 


Name. 


Street Address. 


City. State. Zip 
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“бау, Smokey—" 


A clinic оп cars by Smokey Yunick, America's most famous mechanic 


Collapsing hose 


Ihave a problem with my 1980 Buick 
Regal with a 3.8-liter V6 engine. The 
upper radiator hose collapses after the 
car has been driven. What could be 
causing this? 

J. C. Larioza, Brooklyn, N.Y. 


It would appear that your coolant ex- 
pansion tank isn't working. When the 
engine cools, the coolant contracts, and 
the tank should provide extra coolant 
to make up for the lost volume. I guess 
there is a plumbing problem in your 
expansion tank that is preventing fresh 
coolant from flowing into the system. 


Smoking Ciera 


My 1986 Oldsmobile Ciera pours out 

black smoke when it starts. What is 

the cause, and is it dangerous? 
Frederick Litsinger, Burbank, Calif. 


The air-fuel mixture is much too rich 
on cold starting. The most probable 
causes are: incorrect plumbing of the 
fuel and fuel vapor recovery systems; 
fuel system out of adjustment; poor elec- 
trical connections; or a defective sen- 
sor. It’s an easy fix with the right equip- 
ment and know-how. 


Rain Beetle 


I own a 1973 Volkswagen Super Bee- 
tle that has trouble starting after it 
rains. It seems as though it is firing 
on only one or two cylinders until it 
warms up; all the tuneup parts have 
been replaced. 
Randy Dye 
Reynoldsburg, Ohio 


Carefully look for a location where 
water could enter and short the igni- 
tion circuits. I suspect dampness is cre- 
ating a path to ground. Try drilling a 
couple of *-inch vent holes in the dis- 
tributor cap so it has a chance to dry. 
Also take a look at the spark coil 
switched voltage, and check for coil 
leakage across the top. 


Headers or not? 


Ihave a 1989 Chevrolet C1500 pickup 
with a 350-cubic-inch V8 engine and 
automatic transmission. Would fuel 
economy and performance be improved 
by replacing the factory exhaust with 


headers, a large bore catalytic con- 
verter, two-inch-diameter exhaust 
pipes, and dual mufflers? 

Dan Wilson, Caldwell, Texas 


For my money I'm sure it would. But 
don't expect much difference because 
two-inch pipes still aren't big enough; 
go to at least 21⁄2 inches. Also, the gains 
will be mostly in terms of power above 
4,000 rpm and not in economy. It won't 
be cheap, but you should be the judge 
of whether the extra power is worth the 
cost. 


Flashing lights 


After 30 minutes of driving my 1980 
Buick Century, the engine light begins 
to flash. The Buick service manager 
found the engine had between two and 
three psi of oil pressure at idle. He told 
me that the light comes on below five 
psi, and this engine has a history of 
low oil pressure. 

James Healy, Columbus, Ohio 


Have a direct reading oil pressure 
gauge temporarily installed. Check the 
pressure at different engine speeds to 
see if you have the minimum oil pres- 
sure. If your engine is short, there are 
two easy options: Check the oil pres- 
sure relief valve and the oil pickup 
screen. If these are OK, there is a more 
serious problem, and you'll have to pull 
the engine and clean and replace parts 
as necessary to get the engine back to 
specifications. Any short cuts will be 
costly in the end. 


Stalls on stops 


lown a 1989 Escort that dies when I 
come to a stop in the morning. It will 
start up again, but this problem is frus- 
trating. Is the engine control computer 
at fault? 

H. Jones, Cape Cod, Mass. 


Your stalling problem is based on an 
improper air-fuel mixture that could be 
caused by many things, from bad sen- 
sors to fuel-system components. It would. 
be rare for the computer to be at fault 
here; more likely it's the wiring or poor 
connections. 


Phoenix puffer 


After I drive several hours on the high- 
way during the summer, a puff of gray 


smoke will appear from under the hood 

of my 1980 Pontiac Phoenix when 

stopped at idle. The PVC system is fine. 
Tm baffled. 

Jim Warters 

Pittsburgh, Pa. 


Look for a small oil leak that builds 
into a puddle while you are driving. 
Oil that accumulates while driving can 
be dumped onto the hot exhaust mani- 
fold when you stop. You should get a 
whiff of burning oil in the gray smoke. 


Out of tune 


My 1983 Chevrolet Caprice with a five- 
liter V8 engine needs to be tuned ev- 
ery 2,500 miles. It runs smoothly for 
about 1,000 miles, then chugs and 
hics. Each time the spark plugs need 
replacing. 
Craig Heintz 
Garden Grove, Calif. 


The most common cause for this kind 
of problem is that the engine is burn- 
ing a lot of oil that is fouling the plugs. 
An engine running too lean and a 
leaking intake-manifold gasket are 
other causes. A rare case is a plugged 
exhaust system. Spark plugs should last 
at least 30,000 miles. 


Pinging van 


My 1981 Chevrolet G20 van with a 
305-cubic-inch V8 has a persistent ping 
on hills especially when the air condi- 
tioner is on. The ping can be eliminated 
by retarding the spark timing, but per- 
formance deteriorates. 
Ken Pettitt 
Nashville, Tenn. 


You either need an adjustable vacuum 
advance or to change the centrical ad- 
vance springs to reduce ignition ad- 
vance when the engine produces high 
vacuum at part throttle under light to 
medium loads. At part throttle and 
light engine loads, you need about 36 
degrees of engine spark advance; on flat 
roads at 55 mph, you need about 55 
degrees. Delco makes an adjustable vac- 
uum advance for your vehicle that just 
might do the trick. 


Got a car problem? Send it to “Say, Smokey—,"" POPULAR 
Science, 2 Park Ave., New York, М.Ү. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 
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Shoppers’ Showcase 


A selection of products and services for POPULAR SCIENCE 
readers available direct by mail. Enjoy the fun and con- 
venience of mail ordering shopping. Please order directly 


from the advertiser. For advertising rates for this sec- 
tion, write Advertising Sales, PoPuLAR Science, 2 Park 
Avenue, New York, N.Y. 10016 or call (212) 779-5000. 


MUST 
LIQUIDATE 


+ 80386 32-bit processor, 
12/6 MHz (switchable). 

* 40 MB (28ms) hard drive. 

* One 3.5" 1.4 MB floppy disk drive. 

+2 MB RAM. - 100% IBM compatible. 4 

+ "Page-White" fluorescent backlit LCD 
display, 10.5" viewing area. 

+ MS-DOS 3.21 included. 

* Supports: MS OS/2 version 1.0, Xenix. 
and also Microsoft Windows/386 
environments. 

+ Zero wait state. 

+ Socket for 80387 numeric co-processor 

* Internal modem. 

+ Serial and parallel printer ports. 

* Resolution: 640 x 400 pixels. 

+ 79-key full function detachable keyboard. 

+ Real time clock and calendar. 

+ "Fast" charge NiCad battery pack included. 


Retail 
* AC adapter. * Dim.: 13.25"W x 


saso $2099 
14.757 x 4.75"H. * Weight: 14.7 Ibs. 


* One Year Warranty! » Factory New & Perfect! + Item No. В-1540-128686 
Insured Ship/Hand.; $19.00 


TurboSPORT 386 
PORT ABE eons COMPUTER 
‘38 - 


Mfg. Sugg. 


@SCHLAGE. ВЕСЦІ SYSTEM 

KEEPSAFER PI 

Organize your 

video tapes in one 

handy cabinet. 

This beautifully 

constructed Vide- 

otape Storage 

Cabinet holds 114 

video tapes. 

* Holds 110 VHS 
or Beta video tapes. 


+ Advanced control console. 

* When away from home 
set exit &entry delay on 
selected entrances (up to 
40 seconds). Leave and 
return w/o sounding alarm. 

* 5 alarm modes 

+ Handheld remote control 

+ 6 transmitters with batt 
6 sets of sensors. 

* Back-up Power Supply Unit. 
Insures continuous operation 
up to 6 hours if power supply 
fails. Recharges automatically 
when AC power is оп. 

* Main unit dim. 

19"W. x 8'L x 2-1/2"D. 
+90 Day Warranty! 
шы ий шш ше йш та! = Ll 


* Angela oak finish. 


tapes from slipping. 
* Light assembly. 
+ Model #: 2405. 


Mfg. Sugg. 
Reta sides 


$198 


p^ ме В-1540-114462 


х 11-3/4°D. 
* Limited Warranty! 


* Also holds compact discs & audio cassettes. 
+ Treated surfaces for durability. * Factory New 


+ Magnetically-secured doors. 
* Angled shelves to prevent 


* Dim.: 29"Н x 23-1/27W. 


PUBLIC NOTICE: 

Due to a variety of reasons, (overproductions, dis- 
continued lines, Etc...) manufacturers & distributors 
get STUCK with inventories that must be liquidated. 
DAMARK walks in, lays down cash, and takes the 
entire inventory. This is how we can offer you 
products at UNBELIEVABLE SAVINGS! Just 
LOOK at the values below and order today - 
QUANTITIES ARE LIMITED! 


Whistler 404 ouaprapyne 


+ Receives X and K band RADAR DETECTOR 


signals 

+ Highly-sensitive—warns 
you early of police radar. 

* LED bar graph visually 
shows you strength of 
speed radar transmissions. 

* Pollution Solution™ 
circuitry eliminates false 
alarms. 

* X-band at 10.525 GHZ 
and K at 24.150 GHz ud 

+ Audible and visual alarms. + Dash or visor mounting. 

+ City/highway modes. • Three level volume control. 

+ Angled bezel for easy visormount viewing. 

* Power on LED indicator.» Dim.: 1"H х 2.7"W x 4.6"L. 

+ Weight: 8.1 oz. • Model #: 404. 

* One Year Warranty! • Factory New & Perfect! 

* Includes: Whistler 404, mounting bracket, 

power cable, and velcro. 


AT HUGE 
SAVINGS! 


Mig. Sugg. 


ES $149.95 
$ 79 


Item No. B-1540-127143 
Insured Ship/Hand.: $5.00 


286-16 MHZ AT 
COMPUTER WITH 
EGA COLOR MONITOR 


Eo MARK 16 


+16 MHz 80286 

computer. 
* 1 MB RAM on 

motherboard 

(expandable to 4 MB). 

EGA color 

monitor with EGA 

color adapter. 
+ 40 MB-38 millisecond 

hard drive. 

}-1/4" floppy drive 

with 1.2 MB capacity. 
+ Six 16-bit and two 8-bit 

‘expansion slots. + 100% IBM compatible. 
+ 80287 math co-processor socket. 
* 4 extra half height disk drive cavities. 
+ Built-in real time clock/calendar. А 
+1 Centronics parallel printer port, Manufacturer's 
*1RS232C serial comm. роп. Suggested Retail 

$3,195.00 


+ 101 AT-style keyboard. 
DAMARK PRICE 


$1499 


* Includes: MS DOS 3.21 
Item No. B-1540-127987. 


& GW-BASIC 3.22. 
Insured Ship/Hand.: $39.00, 


& Perfect! 


DAMARK PRICE 


549 


Мет No. B-1540-120063 
Insured Ship/Hand.: $6.00 


* Dim.: 19.3" x 167 6:3". 

+ One Year Warranty! 

- Factory New! 
Factory Perfect! 


QTY DESCRIPTION 


PLEASE 

NAME SEND ME: 

gy {DRESS oeuveny T 
city ST—— ZIP сокета. 

B ooz em. 


Wi FOR FASTEST SERVICE 


CALL TOLL FREE __|(#sswcard 


AL, 


SUB TOTAL 


ш 1-800-729-9000 


lll O cHeckm.o. [7]\\5А 


RUSH DELIVERIES 

ONLY $6.95 pus normal S/H. Look 

for the plane & ask your operator to MN a90. 0% Salt Tax 
"ship it FedEx® Delivery Services. Total SH 


GRAND TOTAL 


E] MASTERCARD [-] DISCOVER 


EXP. DATE B-1540 


L| SIGNATURE - ~ Cust. Service: 1-612-566-4940 @ 
ШШ send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 ШЙ 
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MELT METAL! 


Build a low-cost, high-temp furnace! Melt alumi- 
пит, brass, iron, more! Pour ingots, machine parts! 
Set up complete foundry! Discover complete plans, 
how-to, & secrets! Highest quality! Best selection of 
books you'll find anywhere! You can do it, too! 


POUND IRON! 


Blacksmith plans, tools, projects, and much more! 


BUILD MACHINES! 


Build a metal cutting lathe, shaper, milling machine, 
sheet metal brake, bandsaw, more! Learn to restore 
machinetools, spin metal, electroplate, 

work copper, more! Build one-lung 
gas engines, steam engines, un- 
usual scientific apparatus, 
more! Learn secrets of old 
chemical processes, steam 
cars, magnets, perpetual 
motion, moonshine, run- 
ning three phase motors| 
оп single phase, more! 


CATALOG! 


Send $1.00 for your personal 
copy of our giant technical 
nooks catalog! Hundreds of| 
quality books! You'll be amazed! 


Satisfaction guaranteed! Write TODAY! 
== uum num mum mam Rum mum Gum uw 


LINDSAY PUBLICATIONS 
I Box 12-ESC, Bradley IL 60915 І 


Send а Technical Books Catalog! $1.00 is enclosed! 


bx - 1 
J sete — — — I 


Ley State Zip 
- 


\ Des Mc 


BUILD THIS CLASSIC 


“Roll Top” OAK DESK 


from pre-cut first quality kit 


ere's the turn-of-the cen- 
Нишу “котор” you've 


always wanted. A full size 
oak desk. yours now at 
extraordinary savi 


because you build it yourself 
from pre-cut kit parts. No 
special tools needed. When catalog gives you 
finished, you'll possess a all the facts 

magnificent showpiece for your home or office 
— worth at least twice whai you pay for the kit! 
Send for details without obligation. 


FREE Full color 


Please send my free Craftsman's Corner color 
catalog featuring the Classic Roll Тор Desk and | 
many other top quality hardwood kits. I under- 
stand I have no obligation 


Print Name 
Address 


CRAFTSMAN'S CORNER 
Dept. II PH • 4012 N.E. 14th St. * Box AP. 
1А 50302 


50,000 MILES 
OF ENGINE 
PROTECTION 


Your engine deserves this 
amazing product 

Space Age technology allows racing 
engine to run 9 times around track B =” is 
without oil after FLURO-COTE treatm: 

To test Fluro-Cote Irvin Allen drove his” 

280Z around the track 9 times after 

draining the oil. The engine was not 

harmed. Fluro-Cote Friction Reducing d 

Motor Treatment is produced by using © 

PTFE (the most slippery lubricant = 
known) to coat internal parts of all Ё. 


internal combustion engines and usedi 


in the space vehicles which took "mms 

astronauts to the moon. Reduces drag, 
increases mileage, 
engine compression, 
acceleration and 
engine life, allows 
easier cold starts, 
delays costly 
overhauls. 
Compatible with all 
petroleum based 
or synthetic oils. 


TRY IT TODAY 
FOR FAST ORDER 
1-800-999-1995 
Visa, M/C, Discover, Amer. Ex 
Write for FREE information 


'aylor Enterprises, Inc. 
202 W. Hillcrest Ave. Dep.P 
San Bernardino, CA 92408 


50,000 miles of protection 
for average engine 
"Treat Your 

EngineRight”, 
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* TRAINING TAPE 


CLEANING/MAINTENANCE/REPAIR 


EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME' 


THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 


IF you are able to work with common small hand 
miliar with basic electronics (i.e. abl 

to use voltmeter, understand DC electronics)... 
IF you possess average mechanical ability, and ha 
a VCR on which to practice and learn ... . then we can 
teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due 
to simple MECHANICAL or ELECTRO-MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD-WINNING VII 

the SECRETS of VCR mai 
а! world" information that is 


Also includes all the info you'll need regarding 
the BUSINESS-SIDE of running a successful service 


operation! ^ Laer INFORMATION 
CALL TOLL-FREE 1-800-537-0589 
Or write to: Viejo Publications Inc. 

3540 Wilshire BL. STE. 310 

Los Angeles, CA 90010 Dept. PS 


* ж ж ж ж PRESENTING як x v x ж 


CABLE TV 
| EQUIPMENT 


ж xx STARRING cde 


AND OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 
| * LOWEST RETAIL/WHOLESALE PRICES IN U 5 
$ ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
| FOR ALL INFORMATION 1-818-716-5914 


HYDROPONICS 
GROW LIGHTS 
FREE CATALOG 


TOLL FREE 1-800-227-4567 EAST 
TOLL FREE 1-800-634-9999 WEST 
APPLIED HYDROPONICS, INC. 

| 208 ROUTE 13, BRISTOL, PA 19007 
3135 KERNER, SAN RAFAEL, CA 94901 


` CHECK IT OUT! 


There are more opportunities, 
products and services offered in 
the "Classified Opportunity Mart,” 
immediately following this section. 
You may find just what you've 
been looking for 


PACIFIC CABLE CO. INC. 


HEARTH-AID © II 
FIREPLACE GLASS DOORS 
W/HEAT EXCHANGER „so. 
You don't 

need to 

sacrifice your 

Fireplace's 

appearance 

or the delight 

of an open fire to 

be Energy efficient. 


Z 
For Free Information Write or Call: 
FIREPLACE HEARTH AID 


106 Reynolds Dr. - Franklin, TN 37064 
Phone: 1-800-742-HEAT 
(615) 790-1609 


M THE QUALITY ALTERNATIVE TO 
HIGH COST INFLATABLE BOATS 


+ 11' 8" long x 5' wide inflated 
j Holds 5 adults 


Sea Eagle GT-15 holds 5 adults. goes over 20 mph 

and costs far less.It features molded plastic floorboards 

and transom for longer life, better performance, easier 

assembly and no maintenance! 

FREE COLOR CATALOG! Phone Toll-Free Anytime: 

1-800-366-1818 Ext. 237 or write: 
5 ES dept 237 


X 200 Wilson St., Port Jefferson Station, N.Y. 1 mé J 


Popular Science Indexes 
Box 2451, West Chester, Pa. 19380. 


Enclosed is a ee ВЕ а рн аша 


оя tire CIS CEA CI 
($1.75 each) CAI 17 indexes (1972-1988) lor $17 Five indexes $5 


Address. 


Ciy. 


State. Zip. 
(Pnces above include postage and nanding Айу about 4 weeks for deivery 


| 
! 
! 
І 
I 
Name. I 
І 
I 
П 
П 
П 
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YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


Nothing is more frustrating than 
trying to find that article on stealth 
aircraft or the new VCRs, or lo- 
cating any other informative article 
or item that appeared in PoPULAR 
Science in 1988. That's why you'll 
want a handy 1988 Poputar Sci- 
ENCE Index. And to help you make 
use of your older magazines, or 

' to find a PS reference quickly at 
the library, complete your set of 
indexes, still available from 1972 
to date. Fill out the order form 
above or a larger sheet and send 
with check or money order. 


Now NRI prepares you to be today's expert. 
security electronics technician as you install and 
troubleshoot state-of-the-art security 

systems you train with and keep. 


news for you. Its a. 


opportunity for 
you to move into an 
industry that's growi 
by as much as 15% 
each year. 

Now, no matter 
where you live, you can start 
a high-paying career—even a business of 
your own— installing, servicing, and maintaining 


Make good money as a security 
electronics technician—even start a 
profitable new business of your own! 


You get real-world experience with 
today's newest, most popular security systems 
as you train with the professional closed- 
circuit television surveillance equipment and 
high-performance electronic home and auto 
alarm systems included in your course. 

Step by step, you learn by doing. . . 
evaluating your own security needs, installing 
complete systems in your own home and auto, 
testing and troubleshooting 
working alarm circuits. 
You get the expertise 
you need to move 

fast into an exciting 
career—even a 
business of your 
own—as today's 

in-demand 
security 
electronics 
technician. 


both residential and commercial security systems. School of 
Best of all, NRI's read A њ Afr 1. 
of all, NRI's ready now to give you the l lil Continuing Education Center 1 
hands-on security electronics training you need ‘401 Connecticut Avenue, NW, Washington, DC 20008 
to get started fast. | M CHECK ONE CATALOG ONLY 1 
Hands-on training includes Computer Ejectronics DJ и ичн 
[ О Basic Electror 
electronic and alarm І МА ng, Hong D Бана 7 | 
ig, B, 
systems you | and Refrigeration | 
NRI's at-home Security Electronics training gives | | 
you solid electronics know-how, plus a complete fone TN 
working knowledge of the advanced security E | 
devices in use today. — 
T a | 


World's 
Largest 
Manufacturer 
Of Portable 
Sawmills 


Four Models To Choose From 
BUY DIRECT 


1(800)553-0219 


44-page catalog or use 
your MasterCard or VISA 
to order our 50-minute 
demonstration video-$10.00 Ё 
Wood-Mizer Products, Inc. e Dept E46 
8180 W. 10th St., Indianapolis, IN 46214-2430 


FREE CATALOG! 
1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 


DESCRAMBLERS 


* Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 
* Orders Shipped Immediately! 


— REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept. 502 Mss 
— Las Vegas, NV 89109 d 

For all other information 


Find your dream home in these six exciting 

volumes packed with proven, innovative 

home designs. Order your favorite category, 

or send for the complete collection, with 

over 4,050 illustrations in 1,136 pages! All 6 r Ж) HOME PLANNERS, INC. 

books for only $19.95! | Dept. BK. 3275 W. ina Road #110, Tucson, AZ 85741 
Please RUSH by return mail (check choice): 


| 0 (1) 315 ONE STORY HOMES 
(under 2,000 sq. ft.) $4.95 


„_ | C (2) 210 ONE STORY HOMES (over 2,000 sq. ft.) $4.95 
| C1 (3) 150 1-1/2 STORY HOMES $3.95 

C (4) 360 TWO STORY HOMES $6.95 

0 (5) 215 MULTI-LEVEL HOMES $4.95 

C (6) 223 VACATION HOMES $4.95 


1250 HOME PLANS 


FREE! C (7) NEW DESIGN PORTFOLIO $3.95 
Purchase two or more of | [ SEND ALL 7 BOOKS AT $19.95 (A $34.65 VALUE) 
our planbooks at regular | Name 
price and receive free this 
NEW DESIGN PORTFOLIO I, 
featuring 75 of our newest [| 2221223 
creations. Also sold | 
separately at $3.95. jov State. Zip 
i 


Satisfaction Guaranteed! Credit Card | 20 Cedar Sı Sales Tax: : 'SMO1 


Orders Call Toll-Free 1-800-322-6797 | isrener Omaro nonows М enden ad 4% 


POPULAR SCIENCE JANUARY 1990 | 95 


WOOD HEAT 


=_= WOOD FURNACES 
HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 


| Charmaster? 


u 2307 HWY 2 W. 
$ GRAND RAPIDS, MN 55744 


& Т7 ASSEMBLED 


uS 


i 


7 eCATALOG of uses... $1.00 

TECHNICAL MANUAL... $7.00 Ù 

STRUCK-KIT • Box 307 * Dept. P510. 
MEI nd, uf 


AND FURNITURE 


Do-It-Yourself 

Kits or Assembled 

and Finished 

* Grandfather Clocks, 
Mantel and Wall Clocks 

* Cabinets, Chests, Tables, 
Chairs, Desks...and more! 

* Solid 3/4" Black Walnut, 
Cherry, or Oak 

* Heirloom Quality 


* Solid Brass West German 
Movements and Dials 


• Money Back Guarantee 


SEND $1 
FOR 
COLOR 
CATALOG 


EMPEROR 
CLOCK COMPANY 


Lam interested in 
Do-It-Yourself Kits C Finished Clocks O Finished Furniture 


Name 

Street = 
City = 
State Zip. 


(Please Print) 


Catch a Baby Crow ... 
and teach it how to talk. 
Up to date, illustrated handbook details 
how, when, and where. Entertaining and 
intelligent pets. Complete instructions. 
Guaranteed. Send $9.95 to: Crow Tamer, 
Dept. 4, Box 157, Quaker City, OH 43773. 
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CABLE TV 
DESCRAMBLER LIQUIDATION! 


* Major Makes & Models! 
* Will match or beat anyone's prices! 
* Dealer discounts at 5 units! 


* Examples: 
HAMLIN COMBOS 
OAK ADD/ON 
OAK M35B 


$44 ea. (Min. 5) 
$40 ea. (Min. 5) 
$60 ea. (Min. 5) 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


Do It Yourself 


DOMES 
E xd 


1500 sq.ft. home plans & fully engineered 
connecting hardware —$1650. Complete pre- 
cut kits and a variety of floorpians available. 
Attractive, easy-to-assemble, energy-efficient. 
New 40-page color catalog & more— $8. 


{м TIMBERLINE GEODESICS 
2015 Blake St., Berkeley, CA 94704 (415) 849-4481 


SINGERS! Sing With The 
“World’s Best Bands! 
The Vocal Eliminator| 
removes. ‘vocal from standard stereo| 
records & CD's! Unlimited Supply of 
Backs Music! Easily Record ог 


Professionally, yet connects easily to home component| 
stereo, Manufactured and Sold Exclusively by Т Sound. Рог 
Free Brochure С Demo Record, Cal: LT Dept PS-1, 

Parkway, Lithonia, GA 30058 (404)482-4724 
24 Hr. Phone Dé mo/Info Request Line: (404)482-2485 


Build high voltage machines! Make lightning! Рег- 
form experiments! Rediscover a lost science! You can 
до i! Discover ап amazing collection of high quality 
books, plans, and secrets! Write for a catalog! 


\/ Tesla Coils! 


SAK Discover one of the finest collections 
fy. ^ of Tesla books available, including 
both new and reprints of old, rare books. 

jf You'll find a 1904 book on Tesla’s experi- 
ments with wireless power transmis- 
sion, complete experiments, lost in- 
$ ventions, unusual books on Tesla coil 
ў construction and use, and much more. 
Ё Highest quality guaranteed! 


Discover "Fringe Science" – lost con- 
tinents, perpetual motion, unusual phenomena, free 


energy, unusual theories, and more! Explore that 
H = strange world between! 
Lightning 5» 


Machines! CATALOG! 


2 8 [Send $1.00 for your рег 
| Build a Wimshurst, Holtz| sonal copy of our fasci 
ог Winter static electric|nating electrical books 
machine. Build electro- catalog! Highest quality! 
scopes, Leyden jars, scin-| You'll be amazed! Satis 
tillating tubes, electrical | faction guaranteed! Write 


cannons, and more. TODAY! 
j LINDSAY PUBLICATIONS | 
I Вох 12-WS9, Bradley IL 60915 


Send an Electrical Books Catalog! $1.00 is enclosed! 


| Т — "-——À, | 


| seer [| 


і State. Zip = 
——— oo X a - X 


The future 
success and hap- 
piness of our children 
depend on their starting 
to read now. That's why 
there is Reading Is 
Fundamental. It's the 
national organization 
focused solely on getting 
our kids to stick their 
nose in a book... and 
get hooked on reading. 
Let's get our kids 
reading. To learn more, 
write RIF, Box 23444, 
Washington D.C. 20026. 


READING IS FUNDAMENTAL 


‘lassified ‘Opportunity Mart - 


ch 4.4 million readers every month with an ad in Popular Sciences 
ssified Opportunity Mart. March Issue Deadline (on sale February 
is December 22. Rates: $9.80 per word. Min. ad 10 words. Darker 
e (Bold) words $1.00 per word extra. Display Classified: $545 per 
1.. Payment with order, or charge your Visa, MC, Amer. Exp., or 


= ` H 


Diners Club Account (give # & exp.) Advertisers using box number i in 
ad must furnish name & street address for our records. Send order & 
remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 2 Park 
Avenue, New York, NY 10016, 212-779-5000. For advertising informa- 
tion call 800-445-2714. 


ABLE TV 


ESCRAMBLERS 


ROLD $105.00 
IMODE $119.00 
MLIN $10200 
ENTIFIC- 
LANTA $140.00 
K М358 $99.00 
NITH $185.00 
\NY MORE... CALL OR WRITE FOR 
EE FAST INFORMATION. 

'UR BEST BUY'S & WARRANTIES 
R CABLE CONVERTERS AND 
'CRAMBLERS START WITH A 

EE CATALOG FROM: 


ZENITH SUPER 


COPY GUARD $59.95 


STARGATE... $99.00 


RDERS AND CATALOGS CALL 


TOLL FREE 
-800-624-1150 
C.O.D m 
R INFORMATION PLEASE CALL 


7 (402)5 54-0417 


ROEANG CABLE TV EQUPMENT FROM MO ELECTRONICS THE PU- 
ER AOREES ТО COMPLY WITH ALL STATE ANO FEDER. LAWS 
VONG PAVATE OWNERS OF CABLE TV EQUPMENT, Р YOU ARE 
FI OF THESE LAWS CHECK WITH YOUR LOCAL OFF CAS 


TOP JAMMIMG ME 

you rent vidco tapes they're 
jamming you too. 

n playing back rented movies you will notice 

ying flashes, streaks, jitters ect. This is caused 

у protection jamming embedded in the video, 

V ideo-2010 will spot and completely eliminate 

'ovision and all current copy protection and 

ning giving you а crystal clear picture. 

ranteed eliminates all copy protection] 

mpletely auto 

zital state of the art. 

orks on all TV's, VCR's, Beta, Cabl. 


I] Order toll free М9 


1- 800-624- 1150 


Ш or write for your free catalog 
102-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


Dorothy Ellis, Classified Advertising 


NEON ART home study course. Earn 

while you learn, buy wholesale, tart busi- 

FREE DETAILS. Neon, 522 Myrtle, 
Dept. PS-19, Arlington, TX 76018. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


(2l-years-oid and over, Please) 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


ALTERNATE ENERGY 


SOLAR COOKER build your own suj 
rior cooker. erg aro $9.95. SUN, 
(F)6308 


custom design 
solar electric panels. New method. Соп 
how to manual $4.00. SUN-WARE, 400 

34 St. 110, Pompano FL 33064. 


SOLAR CELLS 


Ifyou want Solar Electricity atthe Very Best 
Prices, sendS2 (Refundable)forourcatalog 
of New & Surplus Solar Electric panels, 
cells, inverters, controllers, books, and 
related technology for independent power. 
APPLIED PHOTOVOLTAICS, 
Вох2773, Staunton. VA 24401 
"Bringing thecostof Solar lectricitydown 
toearth.” 


200 UNCONVENTIONAL ENERGY 
TECHNOLOGIES! AMAZING DATA- 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CA. 94701 


PLANS Hydrogen Powered AUTO, 
$10.00, Hydrogen GENERATOR $10.00, 
Hydrogen Information BOOKLET $10.00. 
All Three $25.00. HYDROGEN, PO. Box 
581, Troutdale, OR 97060. 


FREE ENERGY! Fuel-less Motors and 
[ H&A, R2EPS, Bowling Green, 


HYDROGEN FUEL and Oxygen 
белше uses Water and Solar Cells. 

and Kit $12.00. Prairie Power, Box 8291, 
Edmonton, Alberta, ТЄН OLO, Canada. 


AVIATION 


FROM EARTHLING to AIRCRAFT 
OWNER and PILOT for the cost of a car! 
Send $5.00 for information to: S. Cichon, Box 
574, Yonkers, NY 10703. 


Man, 
71201-4222. 


ARTS & CRAFTS 


GET Started In Stained Glass" 
)0. Whittemore, Box 2065X, Hanover, 
. 02339. 


HOBBY HELICOPTER. Ultralight sin- 
йе seater. Simplified construction— 
пе. Bi 


lotoreycle ei irochure $5.00. POLY- 
NOVA. Dept. PS, Saint Remi, Quebec, Can- 
ada JOL 2L0. 


BUILD YOUR OWN BLIMP Easy and 
inexpensive to build. Carries one 
Plans $5.00. DAEDALUS, 2255N. Univer- 
sity Parkway, Suite 15A, Provo, UT 84604. 


AIRBOATS—Hovercraft Supplies. Plans, 
Kits, Propellers, Е! . Catalog, $3.00. 
Sportserah, Box 6408, Meeker, Oklahoma 


HELICOPTER 


74855. 


tow- 


Helicopter Plans plus Experimenter 
plus full kit information: 
Only $19.95 


Y 
с о aun a} 
Box SO-A (For information oniy 
Riderwood, мо 21139. шы 


Credit cord order line: 1-301-583-6356, 


FREE CATALOG! 


Aviation Gift Ideas... 
Clothing and Accessories, Aviation Nov- 
elties, & Military Memorabilia. 


1-800-558-6868 


Aviator Country, Dept. 48120, 
1216 N. Road, Lyons, WI 53148 


ASTRONAUTICS 


SPACE/TIME CONTROL TECHNOL- 
OGY! AMAZING DATABASE CATA- 
Loar $2: REXCO, BOX 1258, BERKELEY, 
CA. 94701 


BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUSTI 

* FIFTY CENTS EACH! 

* BUILD A DOZEN IN 
u AN EVENING! 


Nri ве rig ert id ун 
Pe TI 
NT TORE Fos mrt v d rud Pa jm 


Dept pst THE TELERUTE cORPORATION 
клем $i.. Moreno Valley, CA 92387] 


AUTOMOBILES 


18 Tt True You Can Buy Jeeps for $44 
through the. wernment? Get the facts 
today Call 1:08 042 1142 Ext 460€ 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. С! 3 
Surplus. Buyers Guide (1) 805-687-6000 
Ext. S-20025. 


VAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


ALTERNATOR/GENERATOR Rebuild- 
ing Book. Price: Hedelund Engineering, Box 
26044, Las Vegas, NV 89126. 


DRUG RAID SEIZURES! Buy Dirt 
Cheap. Mercedes, Fords, Porsches, Van, 
Trucks. Free Details: Seizures, Box 4309- 
YA, West Covina, CA 91791, 


AUTO SUPPLIES & EQUIP. 


ENGINE OVERHAUL KITS: Wholesale 
Catalog $2.00. Engine Service Group, Dept. 
PS, Box 13053, Lansing, MI 48901. 


SLICK 50. $31/BEAT ANYONE. 
1-800-537-7932 (CA (408) 28-SLICK), B&J 
т m Box 7783, San Jose, CA 


f SAVE FUEL! TREES! Carburetion Ca- 


reers $10 Finlay’s Patent, Box 5802, Light- 
housepoint, FL 33074. 


SAFER NIGHT DRIVING 
GLARE CUTTER 


Reduces DAZZLE from 
oncoming car lights. 
Position Cutter on left 
inside of windshield 
with suction cup. Does 
not obstruct drivers vi- 
sion. Made for all peo- @ 
ple who drive at night, Й 
and older people who 
have trouble focusing 
after looking into glare 
of headlights. 
Send $9.95 plus $2.00 shipping (11.95 total) 
to Steele Plastics Mfg., Dept. PS-3, 2625 
Algonquin Ave., Ashland, KY 41101, Check, 
Visa/Mc. (606) 329-1433, Satisfaction guar- 
anteed. Dealerships available. 
U.S.A. Patent No. 4,773,696 


BETTER HEALTH 


UNDERSTANDING Your 
Fascinating book reveals hat peoples 
mean, even the “INNOCENT 
гате" $1.99, ЕН Owens Con 4210 
Owens Creek, Spring, TX 77388. 


BICYCLES & MOTORCYCLES 
RECUMBENT BICYCLE COMPLETE 


MOPEDS, Electric Cars, Parts доно 
ries, Catalog $3.00. Performance ay, 
2810 Algonquin, Jacksonville, FL 42210. 


BOOKS & MAGAZINES 


THE HOME SHOP 
MACHINIST MAGAZINE 
Is all about metalworking— 
informative articles on turning, 
drilling, milling, grinding, casting, 
plus projects you can make. Six 


issues only $19. To order, call 
800-447-7367 or write The 
Home Shop Machinist, Dept 
A22, Box 1810, Traverse City, MI 
49685. 
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BOATS, INBOARD/OUTBOARD 


BOAT-KITS-PLANS—PATTERNS— 
Best Selection and Service. Proven Designs 
for Amateur/Craftsman/Hobbyist-7/55.— 
Hydroplanes-Canoee-Kayake Skiboatz- 
Duckboats-Dories-Fishingboats— 

boats—Houseboats-Quick/SimpleStitch- 
cake ‘Tremendous savings! 160-PAGE 
CATALOG $4.00 AIRMAIL (3.00 slow). 
GLEN-L, 9152 Rosecrans, Box лайте, 
Bellflower, СА 90706. 


ULTRALITE CANOE (39lbs.) paddle or 
motor, 11'6", 2 for under $100. Plans 


$9.98/PATTERNS $10.98/Both $19.98 UL- 
TRALITE BOATS 3104 E. Camelback Rd., 
Suite F-120 Phoenix, AZ 85016 


BOATS, ETC 
BOAT KITS_PLANS—PATTERNS— 


Rowboats - Hydroplanes - Tunnelhulls 
Duckboats - Canoes- Kayaks- Dinghies- 
SUPPLIES - Epoxies - Fiberglass 

SEND FOR GIANT ILLUSTRATED CAT- 
ALOG $3.00 ($5.00 airmail—Book “Ama- 
teur Boatbuilding” $6.00 ÉcLARKCRAFT 
16-S Aqualane, Tonawanda NY 14150, 


BURGLAR/FIRE ALARMS 


"UNIQUE ICURITY PRODUCTS!" 
Information $1.00 (Refundable) Carter 
House, Р.О. Box 2009, Springfield, УА 


22152. 


UNDERSTAND SECURITY. $3.00 
booklet, Learn about Home Security. ALL 
SECURE, 4725 Eva, Glendale AZ 85302 


STOP BURGLARS, Alarm Stickers. 6 
for $3.00. Moose Security, 6514 Cliffridge, 
Cincinnati, OH 45213. 


BUSINESS OPP 


51000'5 WEEKLY. Free information. 
Stamped enveloj „ Box 93248, Los 
Angeles, CA 

$200,000 IN 24 HOURS! Millionaire's 
Sriceless secrete exposed! (send stamp). 

OINCO, 120 Finley St., Griffin, GA 30223. 


$280 DAILY—Installing wireless home 
security systems, Huge demand, Free re- 
DW ICURE-—Box 1058-PS, Bellingham, 

JA 98227 


RO! icture 
Framing, Free Info. The Gallery, Box S41? 
Palouse, WA 99161 


for mailing letters! Write: 
PAASE- WS, 161 Lincolnway, North Au- 
тога, IL 6054: 


AD BOOKS for pay! $100 a title. 
Write: PASE—JG2, 161 Lincolnway, North 
Aurora, IL 60542. 


$289 PER DAY! SPARE TIME! Restore 
Antiques. No investment! (Free) Details: 
Patterson, Box 739-AJ, Watkinsville GA 
30677-0739. 


IMPORT-EXPORT рн» profita- 
ble world-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination. Experience unnecessary. 

rt. Mellinger, Dept. A2693, We 
pe] nite „ California 91367 


MILLIONAIRE Mailorder Expert. Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette: Melvyn Powers, No. Holly- 
wood, California 91609. 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation, GROWBIZ, Box 306-S1, Seminary, 
MS 3947 


TAKE PICTURES for profit. Camera 
Ventures, Box 771, Lamara, CO 81052 


HOW MAIL ORDER FORTUNES ARE 
MADE. FREE DETAILS Send SASE To: 
Richard Green, 901 Perkins, Ft. Worth, TX 
76103. 


$225 DAILY “CHROME PLATING” 
Auto Parts, Motorcycles, inexpensive, у, 
(FREE) information: Chrome, Box 2283, 
Waldorf, Maryland 20604. 


LEARN Gold, Silver Scrap Recycling 
Business. Free information: Recycling Box 
11216PS, Reno, NV 89510-1216. 


PROFITABLE HOME BUSINESS. 
Free Details. Write-1, 415 Route 18, 111E, 
East Brunswick, NJ 08816. 


MAKE $20,000.00 MONTHLY 
building Woodproducts in your backyard. 
Details $5. CASEY, 216 Vernon St., Dept. 
2FPS, Warren, RI 02885. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 OR WRITE: 
THE GLASS MECHANIX INC., 10170 
NW 47 St., Sun Rise, FL 33351. 


LET The Government Finance y: 
new or existing small business. Grants/loans 
to $500,000 yearly. Free recorded message: 
707-448-0270. JG6) 


FREE MONEY! You can receive every 
year. $3 Billion is given away that never has 
to be repaid. To start receiving your share, 
call (619) 280-5050 ext. 1504. 


ASSEMBLE Closet Organizers at home. 
MAKE $300 DAY! (Free) Details: Assem- 
bly. Box 739-AJ, Watkinsville GA 
30677-0739 


$1.00 HOMES Repossessed VA and 
HUD homes available from government. 
TU n give you $5,000 to fix it up if it. 
ls rej delinquent foreclosures. 

em (619) 280-5050 ext 2804, ` 


WEALTHY! Easy Successful Home 
Businesses. Free Complete Information Kit. 
Write Now! Douglas Publishing, 1002G 
Camille, Longview, TX 75605 


NO TUNING ACADEMY, 281D 
Germania, Alexander, ARK 72202. Home 
Training. 


TAKE Catalog Orders. We drop-ship 2955 
best-selling specialty products. Lowest be- 
low wholesale prices. Immediate delivery. 
Spectacular home business opportunity. 

Free Book. 5 Soto Ave., Dept. 
28-13, Chatsworth, CA 91311-4991 


RECYCLE METALS. NO, NOT BEER 
$458 weekly! Free informa- 
rnsbys, Box 1214, Franklin, TN 


OMA i inclined individuals 
desiring High Weekly Profits operating 

ip erase business Without In- 
Semen write: Businesses P, Bax 2008, 
Baldwin, 11510-9008. 


$500 WEEKLY Possible Mailing Busi- 
ness Circulars, Two Loose Stamps Brings 
Details Nationwide, Box 522-P, New Haven, 
467 


TAKE PHOTOS. EARN $100 HOUR! 
(Free) Information. Camera, Box 739-AJ, 
Watkinsville GA 30677-0739 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27717. 


NEED MONEY? Free Grants, Signature 
Loans, Business Loans, Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
x 5529-Y, Diamond Bar, CA 91765. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, Houses, Boats, Computers, Fur- 
niture. Free Details: Seizure, Box 4309-YD, 
West Covina, CA 91791. 


$250 DAILY! Recycling “SPECIAL” 
Metals-Plastics. Easy money! (Free) Infor- 
mation. Recycle, Box 739-AJ, Watkinsville 
GA 30677-0739 


SCREEN Print T-Shirts. Inexpens: 
kits. Free Details. T-Printer, Р.О. Box 236 
(LLC), Tampa, FL 33623. 


IG PROFITS in personal money 
agement. Send $5.00 to: Connections 
Вох 25553 Prescott Valley, AZ 86312 | 


500 YEARLY “hidden” in your co 
ре Дет? Yes! Free report: Simpson, 771 1 
ttle Ground, Washington 98604-0771. 


MAKE HOMEMADE BOOKLET 
PVE EARNED $187,000 WITH 
MONEY NEVER STOPS! Free info 
tion: Dasher, Р.О. Box 5320, Sevierville 
37864. 
$27,000 SPARE TIME AT НО! 
Мез "SPECIAL" Booklets. ЕА! 
(Free) Information. Thomas, Box 739- 
Watkinsville, GA 30677-0739 


$40,000 on v» ACRE! New hyd 
nics-inexpensive, pleasant, practi 
ree information. Planters, Box 121 
Franklin, TN 37065-1214. 


ADVERTISE FREE 
Publications/Broadcasts. $5 Directo 
Box 14107DB, Jackson, MS 39236. 


MONEY Never Stops! Demand For Hon 
made Booklets Endle: tails: Bream, В 
35622, Richmond, VA 23235. 


FORMICA: Repair Burned and Damag 
Countertops WITHOUT REPLACEMEN 
Quick, easy to $600/day. Change countert 
Colors WITHOUT REMODELING! M 
lions of apartments, homes pay profits i 
mediately. Introductory package FRE 
206/256-9742. Introductory Videotape $; 
пана ALL ВОХ 9900-55, Vancouv 


in 21,3) 


ADVERTISE free in 507 Magazin 
» 00. Directory, Вох 11W, Atlanta, С 
01. 


$50,000.00 yearly selling informati 
by catalog. Catalog $2.00 Success Box 4 
Louise, TX 77455 


STAINED glass starter kit. Free Detai 
ASTRO 15006 La Mesa, Sylmor CA 9134 


$1804 MONTHLY! Buy/sell cars (spare- 
time). Revealing proof! Write: CODEX, 507 
Oak Drive, Friendswood, TX 77546. 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


7A No-Nonsense Way to $500 A Day" " 
S.A.S.E. Richard Crawford, P.O. Вох 
Bell Arthur, N.C. 27811 


BECOME A REAL ESTATE AP- 
PRAISER. Home study or Atlanta classes. 
$100,000 plus potential. Earn professional 
certification. Free literature. 800-223-4542 
Dept. RA 109. 


MAILORDER Opportunity: Start prof- 
itable home business without experience or 
capital, Free book: Mail Order Associates, 
Dept. 557, Montvale, NJ 07645. 


$24,000 IN BACKYARD! rowing new 
specialty plants. Start with $60. Free infor- 
mation. Growers—Box 988-PS Friday Har- 
bor, WA 98250. 


PIANO TUNING PAYS: Learn with ap- 
proved home study course. Diploma granted. 
American Tuning School, 17050 Telfer Dr., 
Morgan Hill, CA 95037. 


THOUSANDS Monthly! Using your An- 
swering Machine! GC li istry, Box 73565- 
PS, Washington, DC 20009. 


GET PAID for reading magazines! Free 
report. Johnson Enterprises, Dept. PS001, 
98 Sandini Rd., Marlboro, MA 01752 


SECRETS OF SUCCESSFUL INVEST- 
ING! Boost your profits now! Former stock- 
broker tells how. $3.00. Marton 2705A 
Faulkner, Orlan 810. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP, 
2036 Montrose, Chicago 60618. 


MAKE THOUSANDS, PROTECTIN 
PEOPLE FROM RADON. Box 164 21 
Buffalo Rd. Rochester, N.Y. 14624 


BUY IT WHOLESALE 


FREE report, WHOLESALE, direct fr 
manufactures. Sunnyside Distributor, De| 
11, Box 4221, Jeffersonville, IN 47130. 


CLOSEOUTS! Wholesale! Overru 
Freebies! Information (stamp) , 
20152-G, Ferndale, Michigan 4 48220, 


MUNDREDS weekly easily. genbe 
PROVEN products, 
ence. Free information. IEC, Box 2227, Pi 
verdale, WA 98383. 


INCOME DISCOVERY! Famous Ph.D 
scientist reveals high-income discoveries 
anyone can use to achieve wealth. Free 
Facts: “Stalwart Enterprises,” PO. Box 6 
Hadley, MA. 01035 


$392.00 FROM Square Foot Plywood 
Huge Demand! Revealing Proof $1.00 (Re- 
fundable). Woodwins, Bridgewater, Mass 
02324-2299. 


MAKE $4,000 MONTH SPARE-TIME! 

Easy with your COMPUTER! (Free) Re- 

port. Computer, Box 739-AJ Watkinsville, 
30677-0739 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


GIANT TV 


DONT BE FOOLED BY IMITATIONS! 


Buia the best gant screen proyection TV lor home or high 


рой with lenses and screens utitted by SONY. ZENITH, 

SYLVANIA and MAGNAVOX! Semple construction! Husiraled 

{ntormation, prot plan, and complete parts catalog $2 

Money back guaraniee! Earn $100 000 ysary 
POLI-VISION GIANT TV 

187 CYPRESS ST.. THROOP. PA 18512 


BE Your Own Boss. $5,000 to $10,000/ 
month Part-Time. Work 10 to 15 hours per 
week. 24 hours recorded message. Call 415 
979-5403. 


$5,000.00 weekly mailing letters. $1.00. 
608016, Chicago, ILL 60626. 


aux WHOLESALERS. Send $10.00. 
Catalog, Manuals. Ray Greer, P.O. Box 
Uca duclid, OH 44117. 


MAKE IG еВ Án 
WINDSHIELDS AND lass! U] 
$75,000 yearly! Call TOI ЕЕЕ USA € 

CANADA: 1-800-321-2597 for valuable 
demonstration video and FREE ге ө. 

Glas-Weld Systems, Box 5755 CX1, 

OR 97708. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, Mad- 
ison Hgts., MI 48071 


“SELL MONEY!" Become a Loan 
Broker! Free details. Dept. PS-142, Finan- 
cial Planning, 210 5th Avenue, New York, 
10010, (718) 786-6803 Ext. 200 (24 Hrs). 


$15,000 MONTHLY INCOME! Easy 
moneymaking plan. NO INVESTMENT. 
Financial Box 1150-PS, Fort Washington, 
Pa. 19034. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 3300- 
S, Hickory, NC 28603. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
details, Gold, P.O. Box 24986 (LLC), Tampa, 
FL 33623. 


BUMPERSTICKER PRINTER. Cheap, 
simple, portable. Free details. Bumper, P.O. 
Box 22791 (LLC), Tampa, FL 33622 


ALUMINUM SCRAP—Recycle 
Yourself-MAKE UP ТО $25.00/ 
POUND! FREE Information: Industrial- 
Р5-01, Вох 127, Alexandria Bay, New York, 
13607 


JOIN HUNDREDS of beginners prosper- 
ing in home businesses! PROVEN! GUAR- 
ANTEED! FREE INFORMATION! Write 
Today! "How-To" Books, 210 Stremler Drive, 
Dept. 190 PS Lynden, WA 98264 


400,000 BARGAINS Below Wholesa 
Many Free! Ligudatigns. Closeouts! | 
Job Single Samples. Free detai 
Worldwide Bargainhunters, Box 1409. 
Holland, MI 49422. 


CLASSIC CARS 


BATTERY MASTER swirci 
e 


Can fit post, 
tug or side ter 
minal batteries 


Disconnects all electrical circuits wi 
a simple turn of the knob. Attach 
to battery in minutes. Heavy dul 
Suitable for 12 or 24 volt batteries 
Eliminates battery drain, preven 
electrical fires, provides emergen 
Cut-off. 

Remove knob to stop theft and u| 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, 
Box 27-PS, Tyrone, PA 1668 
814-684-2603 


Quantity discounts—12 units or moi 
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CB RADIO 


OLICE-FIRE SCANNERS, CB 
MARINE 2-WAY, ANTENNAS, 
BOX 19224PS, DENVER, CO 


COMPUTERS 


REE Program: шир Apples 
380s/Commodores. EZRAEZRA, Box 
2SJA, San Diego, CA 92105. 


UILD your own Macintosh and save 
b. New book shows how. Fi 
nts, Box 68708, Portlant 


5 YOUR PC A PAPERWI 
А Novice? Need Guidance, Information, 
s? Send $5.00 To: Bixby Computer Infor- 
Box 260-PS, Southwick, MA 01077 


IACHINE SHOP SOFTWARE, Does 
‚ ball mics, thread wires, etc. Generate 
tape for ellips on ibm pcs. Send $20 to E. 
„ 2102 Madge St., Houston TX 77039. 


DETECTIVES 


RIVATE INVESTIGATOR Home- 
iy Training Program. Free Information. 
bal, Box 191PS, Hanover, MA 02339. 


DO IT YOURSELF 


LECTRONIC KITS! Tracking Trans- 
ters! Voice Disguisers! FM Bugs! Phone 
ев! Detectors! More! Catalog $1.00: 
NDI ELECTRONICS, Box 25647, Tempe 
85285-5647. 


RIVACY Problem—Need Information? 
v Electronics Surveillance, Debugging, 


tection Catalog $5.00 Assembled—Kits 
SHNOLOGY SERVICES, 829F Ginette, 
tna, LA 70056 


RROWHEAD Making. VHS $29. 
50, Commons, Box 5012-PS. Се 
nt, OR 97502 


оом Box Weary? Absolutely Best 
mas an lete Plans. $19.95. 
960. 


ROTECT YOURSELF! Scrambler Pho- 
, Transmitter Detectors, And Now Fax 
ryptors! Catalog $3.00 (Refundable.) 
/ERSIFIED WHOLESALE PROD- 
TS, РО. Box 1275-PS, Redondo Beach, 
90278. 


URVEILLANCE — COUNTERSUR- 
ILLANCE! Guaranteed Lowest Prices! 
ze Catalog $5.00 (Refundable). PROTEC- 
R, P.O. Box 520294, Salt Lake City, UT 
52. 


ROADCAST COLOR VIDEO & AU- 
› 2 MILES! Build Our Tiny 2 Watt UHF 
Transmitter, Under $100. Complete 
ns, Plus Kit Information. $9.95 + $3.00 
S&H. SUPERCIRCUITS, 1403-B 
view, Hermosa Beach, CA 90254. 


DON'T THROW AWAY THAT USE! 
COPIER OR PRINTER CARTRIDGI 


CARTRIDGE 
C RECYCLERS > 


MORACK 
INCORPORATED 


Гомон CORERS 
$19.95 
ASER PRINTERS 

un | $29.95 


Жи 


Recort telephone conversations m your oce or 
поте Comecis Between any cassetie or BOP 
‘recorder and your telephone hne Starts auio- 
таса when phone з answered. Records Doth 
saes 01 conversabon 5005 recorcer when 


jul FM TRANSMITTER 
Many tes more powertu man omer transmaers 
Transmis up to "e mie fo any FM race -Easy le 
Assemble KA - up ю ЗУ banery (nci то) 
For catalog of Transmaters, Voce Scrambers ang 
her soecaty tems. encese $2 00 1o USI Cop 
Сө! 407-725-1000 or send $19.95 + $1.00 
shipping per item to: USI Corp., PO Box 


PS-1052, Matbourne, FL 32902 COOOK. 15107 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 60 pages. Order from one expert 
source. Featuring Sun-Lite* for do-it- 
yourselfers, builders, designers. America’s 
largest energy saving mail order house! 
$1.00 postpaid. Solar Components Corpora- 
tion, X. PS, 121 Valley St., Manchester, 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
а simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency trom 70mhz—130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
оп orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
aliow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


6,800 CATALOGS listed. Sources For 
ything! $5.95 Catalogs. Box 92452X, At- 
ЗА 30814 


from $40.00 write MWK In- 
W. Katella, Suite 340PS, An- 
‘A 92804, or call 714-956-8497. 


ETECTION- Surveillance, Debugging. 
ns, Kits, Assembled Devices. Latest 
h/ech catalog $5. Detection Systems, 
5 E. Thomas, #16-864A, Phoenix, Arizo- 
35016. 


IG BANG BAZOOKA shoots tennis 
в 500 feet. le, inexpensive design. 
nplete plans andi instruction $5.00. Sim- 
sh, P.O. Box 13411, Albuquerque, NM 
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RGANIC Robot Muscle. Do It Yourself 
otic Catalog $5.00. Robomatic, Р.О. Box 
Flagstaff, AZ 86002. 


IUARTZ CLOCK MOVEMENTS and 
lies! Low Prices! Yankee Ingenuity, Box 
Altus, OK 73522. 


ICRO FM TRANSMITTERS, books on 

ding wireless and remote listening de- 

; pight vision equipment. Catalog 
N CO, P. 


x 291513, Los 
zeles, CA 90029. 


00 SUPPRESSED/DORMANT IN- 
NTIONS! RARE INFORMATION 
TABASE CATALOG! $2: REXCO, BOX 
BERKELEY, CA. 94701 


LECTROPLATING textbook. Electro- 
fe metallics/nonmetallics. $14.95. De- 
s free. Tropic, X95E, Palm Bay, FL 
06-0095. 


ROOM SURVEILLANCE, TELE- 
PHONE. Monitor Room or Telephone Con- 
versations. #17500, ata $3.00. Listen 
Electronics, 603 Elgin, Muskogee, OK 
74401, 1-800-6337/ 


FREE CAREER GUIDE. Earn more 
money with Success Proven Correspon- 
dence. Diploma Courses. Granton Institute, 
263B Adelaide Street, West Toronto, Canada 
М5Н 1Y3. 


START YOUR OWN SHOP 


Complete neon course with photos 
and diagrams. 180 pages. Includes 
where to bey materials wholesale 
im ИЗА How o earn while you 


Peter Horsley Publications 


115 Riverbireh Cres. SE Calgary AB., Canada Т2С 3M1 


39,270 CATALOGS DIRECTORY guide. 
Sources for anything! $5.95: Catalogs, Box 
14107AB, Jackson, MS 39236. 


NEW HE NE 
LASER TUBES $35 
Dealer Inquiries Invited. 


Free Catalog ! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. » Glendale, AZ 85301 * (602) 934-9387 
The Source for Laser Surplus 


PLANS. Bui Yourselt—Al Parts Available H Stock 
+ LC7—Burning Cutting CO, Laser 
= RUB4—Portable Laser Ray Pistol 
+ TCC7—3 Separate Tesla Col Pans to 1.5 MEV 
+ 1062-—ion Ray Gun 
~ GRAI— Gravity Generator 
+ EML1—Elecro Magnet Coi Gun/Launcher 
KITS wit Ali Necessary Plans 
+ METSK— PM Voice Transmitter 3 mi Range. 
* VMPM7K—lelephone. herr 3m ae 
+ BICBK—250,000 Vot 10-14" 2 
ZINCK ише! Mir Laser 
+ BLSIK—100,000 Watt Blaster Defense Device 
* NIG7K—Negatve lon Generator Kit 
PSPAK— Time Varant Shock Wave Pistol 
< STAIK—All New Space Age Active 
Plasma Saber 
+ PGSK—Plasma Lighting Globe Kit 
+ SOSK—See in The Dark Viewer Kit 
ASSEMBLED With All Necessary Instructions 
000 Vot Worlds Smallest 


АРЕ 


sss 5EEEEEE 888883 


Bass srst 


ЖАКАДА 
ло Telephone Recording Device. 2450 
+ [TM10— 100.000 Volt 20° Affective Range. 
| Intimidator 9950 
+ LISTIO— Snooper Phone Infinity Transmitter. 169.50 
+ IPG70—Invisible Pain Field Generator 
Multi Mode 74.50 


* Catalog Containing descriptions of above plus 
hundreds more available for $1 00 or included free 
with all above orders 

Please include $3.00 PH on ай kits and products plans 
are postage pad. Send check. MO, VISA, MCinUS. 


INFORMATION UNLIMITED 
P.0. BOX 716 DEPT. P8, AMHERST, NH 03031 


DAZER Personal Protector Kit! Quantum. 
Research 17919-77 Avenue Edmonton, Al- 
berta TST 281 


4 PLASMA 


Build SPECTACULAR PLASMA/ 
LIGHTNING LAMP From 5 Gallon 
Water Bottle. Easily Available Parts. 
Complete Detailed Plans. Send $6.95 
т 


o: 
BUTLER ENGINEERING 
296 Coldstream Dr. 
Berwyn, PA 19312 


CABLE EQUIP. 


CABLE TV SECRETS—the outlaw m 
lication the cable companies tried to ban. 
HBO, Movie Channel, Showtime De- 
scramblers, Converters, etc. Suppliers list. 
included $8.95. Cable Facts, Вох 711-PS, 
Pataskala, OH 43062. 


CABLE T.V. CONVERTERS Jerrold, 
Oak, Scientific Atlantic, Zenith, & many 
others. “New” MTS stereo add-on: mute 
volume. Ideal for 400 & 450 owners! 
1-800-826-7623. B&B INC. 4030 Beau- 

-Rue Drive, Eagan, MN 55122. 


CABLE TV BOXES. We sell only the best 
low prices, we ship COD. $2.00 for catalog 
Ace Products, Р.О. Box 582, Dept. S., Saco, 
ME 04072, (207) 967-0726. 


PREVENT DESCRAMBLER DETEC- 
TION! Install “TECH-BLOCK” Today! 
$19.95 P.P.D. The Stage Door Video, P.O. Box 
576, Burnsville, NC 28714. 


CABLE TV CONVERTERS BARGAIN 
HEADQUARTERS: OAK, JERROLD, 
TOCOM, ZENITH, HAMLIN, SCIEN- 
TIFIC ATLANTA, VISA M/C COD, OR- 
DER YOURS TODAY. 800-327-8544. 


CABLE RENTERS 


STOP! 


If you are currently renting your cable equip- 
ment it's time to look into owning your own. 
You can save up to $100 plus every year. We 
carry all the major brands of Converters. 
Remote controls and Descramblers. 


JERROLD, OAK, EAGLE, HAMLIN, 
ZEANITH SCIENTIFIC ATLANTA 


Many more. Fast courteous service. 
Call today 512-250-8816 or write for 
alog. 


ctronics 5114 Balcones Woods dr. 
Suite «307 Dept. 298P Austin, 78759 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


Jerrold. Oak, Hamiin, Scientitic Atlanta, Zenith, and more! 
50 day warranty. Shipment within 24 hrs, For fast serv 
ке MCVISA C.O D Telephone orders accepted. Eve- 
Ting hrs. also (708) 438-4056 Stamped Envelope ( 50¢) 
postage for FREE catalog. Nu. Il. orders 
| L & L ELECTRONICS. 
| 1430 Miner St., Suite 522 
Des Plaines, 11. 60016 


DOGS 


| * Sl 

Stuy, Guard 

Busting Drop Futen 
"боек 


енене LX "anion ARTICLES: SPORTS AFIELD, 
AMERICAN FIELD, TIME MAGAZINE, TV GUIDE, HUNTING 
DOG. WALL STREET JOURNAL and others workiwide. 
A science engineering breakthrough! А set of wae 
dog-sound makers that condition dogs incredil 
fast. Small, Used гот the palm of the hand. Near 
hypnotic control, even at a distance. No leash 
needed. Novices becor Xperts. This new 
discovery is a learning-sound catalyst that teaches 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind. 


yal 
(the. Dr. Miller баеп) 
dispensed Г jans for dog behavior. Now, 
thousands of satisfied users in U.S. & foreign lands. 
From $25 to $175 -4 FREE catalog 


DOG-MASTER SYSTEMS 
410 Wilshire, Box 1250, Agoura Hills, CA 91301 
A Division oí Environmental Revearch Labs, Copyright ©1983 


EDUCATION AND INSTRUCTION 
TERMPAPER assistance. 16,278 topics 

available! 306-page catalog—rush $2.00. 

search, 11322 Idaho, 4206KT, Los Angeles 


800-351-0222 (California: 213-477-8226). 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls—Accessories 
* Guaranteed Best Prices * 


* 1 Year Warranty—C.O.D.'s * 
* Immediate Shipping * 
* FREE CATALOG * 


Call ог Write 


TRANS-WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 


Miami, Florida 33186 
1-800-442-9333 


Бк 


FREE College Tape External е 
Business/Public Administration Graduate- 
Undergraduate. LAW Financial Aid, (800) 
759-0005, LA SALLE UNIVERSITY. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES. ACCREDITED, INEX- 
PENSIVE, FAST. FREE INFORMA- 
TION. DR. JOHN BEAR, PO BOX 826- 
PS, BENICIA, CA 94510. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 
1-800-228-5600, or write: American School, 
D #341, 850 E. 58th St., Chicago, IL 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermemo- 


ту; control stress. Free-book excerpt & cata- 
Jog. Superlearning, 450-Р51, Seventh Ave- 
nue, N.Y.C. 10123 
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EDUCATION AND INST. (Cono. 


IGNORANCE KILLS! Street Survival 

Guide By Nationally published security ex- 

Guaranteed! Send $3.50 to AI Foster 

eta Consulting, 16607 E. Arkansas 
Drive, 80017. 


SPEED READING MADE EASY. As- 


tounding new reading method! Free infor- 
mation: Manuscripts, Р.О. Box 41410, Baton 
Rouge, LA 7083: 


'ARALEGAL CAREER? LAW 
SCHOOL? Get ahead with new audi- 
ocassette course by prominent attorney. 
Learn exciting personal injury field in two 
hours. details, FINN, Suite S, 940 Nor- 
th, Waukegan, IL 60085. 


INVENTORS! Confused? Need Неј 
Cal IMPAC for fre information package. Їп 
US/Canada 1-800-225-5800 


PATENT AND DEVELOP Your Inven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-43. 


AMATEUR INVENTOR? Desire to be- 
come professional? Can до! 1-314-435-9290 
evenings. 

PATENT IT ECONOMICALLY! Free 


details. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


BECOME A PARALEGAL. Work with 
Attorneys, Home sind Free catalogue. 


800-223-4542 Dept. 


PARALEGAL GRADED CURRICU- 
LUM. Approved in-depth training by corre- 
spondence. BLACKSTONE SCHOOL OF 
Law: 100 years of legal training. Write for 
free catalog. PO. Box 190906, Dept. PS, Dal- 
las, TX 75379. 


А Paralegal! Accredited, Attorney In- 
structed, Home Study, Free Catalog 
1-800-669-2555, SCI, Boca Raton, FL 33432. 


ar APPROVED UNIVERSITY 
1 Economical home study for 
Bachelors, Masters, Ph.D., fully approved 
by California State Department of Educa- 
tion. Prestigious faculty counsels for inde- 
pendent study and life experience credits 
(5000 enrolled students, 400 faculty). Free 
information—Richard Crews, M.D, (Har- 
vard), President, Columbia Pacific Univer- 
sity, Department 2R51, 1415 Third Street, 
San Rafael, CA 94901. Toll free: (800) 
227-0119; California: (800) 552-5522; or 
(415) 459-1650. 


UNIVERSITY DEGREES With: 
Classes! Accredited Bachelor's, Maste: 


Doctorates. Free Revealing Facts! Thorson- 
PS1, Box 470886, Tulsa, OK 74147. 
510008 for College. Report. FAS 


Box 372, Northfield, NJ 08225 


WORLD WIDE сотов. ОҒ AUC- 

ING, с. се 1933. Term 

Soori. Free Catalog COL. Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, IA 50401. 

515/423- ч 


NEED MONEY FOR COLLEGE? We 


Identify Sources. Info: CFA, 1126 Limit, 
Leavenworth, KS 66 


ELECTRONICS 


SURPLUS Electronics, 72 page catalog, 
$2. Surplus (PS), Box 276, Alburg, У 
05440. 


EMPLOYMENT INFO. 


OVERSEAS . . . $30,000-$75,000+ Free 
Report! Employment, Box 19760-FA, Indi- 
peret IN. 46219. 


HOME assembly, Electronics, automotive, 
crafts, typing, sewing. Apply Now! (213) 
281-8111 


JOBS, Any State, Any Occupation, in- 
cluding Government, State, Public. Also 


Cruiseships, Tugs, Ships, Riverboats, Oil- 
rigs. Women-! jork month-Home 
month. U.S.A. plus Overseas. Information 


$5.00. Nationwide Employment, B223PS, 
Central, Indiana 47110. 


HOME-ASSEMBLY WORKERS мен 


Pay! Immediate openings. 
envelope: GALLIVER 215 DeAn- 

та, Station K2, San Diego, CA 92109. 

FINANCIAL 

DEBTS? 1.5? BAD CREDIT? No 
problem! Welll help now. Applications ac- 
cepted $500-850,000. Not a loan company. 
[cogi : TCAC, Dept. PS, 400 Century 


uth 117, Birmingham, Alabama 
35226 or call (205) 979-1400. 


FOR INVENTORS 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day—USA/ 
Canada 


FREE help for inventors! No charge for 

tection forms or consultation. Affiliated 

Inventors Foundation, 2132-1 Bijou, Colora- 
do Springs, CO 80909, or Toll Free 
1-800-525-5885. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Maryland 20850 


Rockville, 
748-6216. 


1-800- 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED PAT- 
ENT SERVICES, Washington, DC, 
800-458-0352. 


REGISTERED PATENT ATTORNEY 
1-800-876-6670 PATENT SEARCHES, 
FREE INFORMATION. 


INVENTOR'S DIGEST 
Semimonthly magazine designed specifi- 
cally for inventors. Includes articles of inter- 
est, advice and tips on protecting ideas on 
patenting and on licensing, Also contains 

tent Office announcements, licensing op- 
portunities and national and international 
activities and events. 839.00 per year. Tenax- 
Glynn Corporation, 6 Park Avenue, 
Flemington, NJ 0882 


to offer your invention for 
license. Free booklet outlines 

royalty rates, requirements. Kes- 
sler Sales Corporation, C-7-FI, Fremont, 
Ohio 43420 


INVENTORS! Can you patent and profit. 
from your idea? Call or write for your free 
information package. Over a decade of ser- 
vice. AMERICAN INVENTORS CORPO- 
RATION, 82 Broad Street, Dept. PS, West- 
field, Massachusetts 01086. 1-800-338-5656. 
In Canada call (413) 568- 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 
GRADUATE ENGINEER 


YEARS OF ЕхР! NCE 
U.S) a INTERNATIONAL PATENTS. 


Patent and develop your idea with the 
experience of an expert. Call or write for free 
confidential advice, information packet and 
forms for confidential disclosure and record of 
invention. 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 
MICHAEL I. KROLL 
REGISTERED PATENT ATTORNEY 


PATENT REGISTRATION 26,755 
IM STILWELL LANE. SYOSSET, NY IO 


FOR THE HOME 


BUY CARPET & VINYL DIRECT. 
Savings to 80%. Name brands. Ship) 
Direct. FREE QUOTES/SAMPLES. 
JOHNSON'S CARPETS, Dalton, GA 30720. 
1 (800) 235-1079; Georgia (404) 277-2775. 


GOV'T SURPLUS 
NARCOTICS SEIZURES . . . Autos 
Boats... Computers . . . Stereos . . . thou- 


sands more! BUY DIRECT FROM GOV- 
ERNMENT! "Nationwide Directory” $3.00. 
Disposal, Box 19107-FA, Washington, DC 
20036. 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, houses, boats, computers, furni 
ture. Free Details: Seizures: 4309-YG, 
West Covina, CA 91791. 


GARDEN 


GREENHOUSES Redwood Fibe: 
КЕ. S HT cl sizes. FRE! Bro- 
'H GREENHOUSES, 
BOX. 1564-PS MOBILE, AL. 36633. 
(1/800/628-49741 


GOOD EATING 


5 Texas Style Chili Recipes send 
$3.00 and SASE TO Р.О. BOX 200731, Ar- 
lington, Texas 76006. 


HAIR CARE 


MEN'S Hairpieces—Free Catalog! T.I.D., 
2415 Мат БЕЛА Stratford, CT 06497. 


HELP WANTED 
EARN MONEY Reading books! $30,000/ 
yr income potential. Details, (1) 805- 
687-6000 Ext. Y-20025. 


HOME CRAFTSMAN 


Belmont, Ohio 43718-0369. 


REVOLUTIONARY NEW SAWHORSE 
DESIGN. Stronger, more versatile, folds 
flat, inexpensive and easy to build, Plans 
$10.00. leris O. Box 28384, Sai 
Antonio TX 78228. 


LOG HOLDER 36 Cubic foot, make from 
scrap metal no welding, plans $3.50. 
"HOLDER", 9005 Amherst Ave., Margate, 
NJ 08402. 


"GETTING STARTED WITH PVC 
PIPE FURNITURE.” CASUAL, Box 208-P, 
‘Tewksbury, MA 01876. 


CLOCK movements, components, plans, 
epoxy. fol and art prints, door harp supplies, 
ker pegs, touch tones, Bible clocks, vid- 
cos, transfer art, stencils —over 1200 items! 
Wholesale catalog $3.00 (credited) Steebar, 
РО. Box 463-5, Andover, NJ 07821-0463. 


NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe fittings. Easy 
Plans. Free information. ABCO, Box 306-51, 
MS 39479. 


STEAM имо те 
power models at savings to you! $2.00 litera- 
Lure. PM Research Inc, Dept. 5, 4110 Niles 
Hill Rd. Wellsville, NY 14895. 


HOVERCRAFT 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
Documentary Film, “Force Beyond” Powered 
By Ordinary Lawn Mower En; эү» Сот- 
plete Plans, Supply Sources and Photo Ке- 
view $10.00 (24 Hour Return). Send To: Herb 
Bartlett, P.O. Box 156-S, Silverdale, W; 
98383. 


HOVERCRAFT Plans, 3 to 160 Hp Infc 
mation $4.00 (refundable). Sevtec, Box 846, 
Monroe, WA 


HOVERCRAFT Plans, Parts, Catalog 
31.00. Universal Hovercraft, Box 281, Cor- 
dova, IL 61242. 


AERO-CAR Amazing Hovercraft built 
easily with ordinary tools. Lawnmower en- 
gine powered. Carries опе man plus. Flies 
over land/snow/water. Complete plans and 
booklet. $11.95. Aero Projects, Box 5118PS, 
Clinton, NJ 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Pub- 
lication. DLP, Box 487, Anaheim, CA 92815. 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer P5400, Ruidoso, 
NM 88345. 


INVENTIONS WANTED 


explaining how we can help you. Kessler 
43420 


Sales Corporation, C-7-IW, Fremont Ohio 


SOKE-MAGIC Catalog S.A.S.E. 
World 512 3rd McMinnville Oregon 971: 


JEWELRY 


CLOSEOUT Jewelry. 55е dozen (Cat 
.25¢). Roussels, 107-1635 Dow, Arli 
MA 02174-7199. 


WATCH REPLICAS! Lowest Nati 
wide! Warranty! 18KT Goldplated! Ех} 
weight! (404) 963-3USA. 


LOANS BY MAIL 
CASH 24—48 Hours! Fast, Approval! 


types of loans. Car, Home, Business, Н 
days, PES, 210 Fifth Ave, Dept. 1102, 


CASH GRANTS AVAILABLE 
foundations! Never Repay! 401 вош 
applications instructions—$3 


Fundsearch, Box 19107-FA, Washington 
2003 


SORROW $500 to $200,000.00 Fast 
Signature. Galbraithe, 25 Dongan Pli 
New York, NY 10040. 4 


Venere m MAIL Get $500-$75, 
ückly. Nearly everyone qualifies! ut 
Беле ЕКЕ Rey 
Bronx, NY 10461-0531. 


BORROW $50,000 “FAST” Any 
Guaranteed. Capital, Box 561359-PS, 
lotte, NC 28256. 


FREE MONEY! $300,000,000 GI 
AWAY. Grants, Never repay Details $1} 
Jakla, Box 3066- minole, FL 3464 


BORROW $500-$100,000! “Imi 
On signature. KEEP FOREVER! Credit 
Box 1621, Spring, TX 77383. 


BORROW poA amount! Get Visa/Mast{ 
Сага! katan RRAS ly! Sunrise, pari 42Р, Веј 
page 0042/516 649. 

IMMEDIATE Loans meant indiv| 
uals refused elsewhere. Many plans inch 
L us! Associates Box 9008, Bal 
win, NY 11510-9008. 


BORROW $500-$40,000! *Overnigl 
On Signature. Keep Indefinitely! Acti 
Box 5499-Y, Diamond Bar, CA 91765. 


CASH HOTLINE $500-$100,000 On 
nature. “Overnight” 98% Eligible! Fast 
proval! 813-947-6841. 


VISA! MASTERCARD! Despite 
Credit Experience! Apply Toll-Free: 14 
888-8851, Extension 26. Issuer New 
Bank, Somerset, NJ. 


S1, 5 


UNSECURED CASH LOANS! Vi; 
Mastercards plus more! Fast, eas; р 
method Any amount, purpose E-Z 


2715. 


JORROW $60,000 кощл. ANI 
= Keep indefinitely! Free details! Wrij 
rie x 1593- В. Safety Harbor, 


$100,000 line credit without investig 
tion! Private Swiss bank account! Other 
nancial benefits! Free valuable repo] 
МАСС PS-1, Box 5399, Torrance, CA 


$5,000 CREDIT! Mr aem 
formation. Actual credit! (813) 


АНА! ISINESSMEN have попа 
buy/invest. Top finders fees paid. IMI 
O190/PSI, Box 2574, Newport 
92663. (714) 722-9280. 


BORROW $500-$40,000! “On Signatu 
Any Purpose! 97% Eligible! Free Applic 
tions. National, Box 7627-K, Long Bead 
CA 90807. 


QUICK Loans, Credit Cards Issued 
tionwide! Guaranteed! Empire, 1800 S. 
bertson #931-M, Los Angeles, CA 90035, 


A NEW IDEA? Call National Idea Center 
of Washington D.C. free info— 
1-800-247-6600 Ext. 117. Come see The In- 
vention Store!! 


JOKES & NOVELTIES 


DRINKERS CODE. Fun, attention get- 
ter. $2.00. Gem Graphics 1556 Gleneagle 
Road, Baltimor land 21239 


FREE Catalog! Things you never knew 
existed! 1600. Novelties, Me Science, Hob- 
bies, Surprises. Johnson-Smith, F-03, Bra- 
denton, FL 34206-5500. 


MAGIC TRICK 


FREE, Саш. Magic Tricks. Puzzl 
Jokes. Over 800 Items. Winklers Woi 
Dept. PS 1-90, Oakdale, CT 06370. 


MISCELLANEOUS 


QM Assembly Language $5 Book $1 
b y Kos 12238, Lexington, 
1 


100 | POPULAR SCIENCE JANUARY 1990 


MISCELLANEOUS (con't) 


АПМ GLASS ETCHING Transform 
»ws, mirrors and glassware into works 
rt for fun and profit! Exclusive method- 
t! Easy! 16 page catalog $2. Starter kit 
.95. EASTERN ART GLASS, Box 341- 
30, Wyckoff, NJ 07481. 


OLD, Silver, Platinum containing scrap 
flercury. Free quotes & samples evalua- 
. PMI |-800-932-1010, Вох 191, 


wood, MA 02062. 

/OOD CARVERS Write For FREE Sup- 
Catalog. The Tool Shed, 4038 No. 13 
y, Phoenix, AZ 85014. 


'O PHOTOGRAPHS—254 page re- 
t $15.00. America West, Box 4280, Leu- 
ia, CA 92024. 


MONEYMAKING OPPORT. 


IAKE PROFESSIONAL SIGNS, letter 
ks, cars еіс. 6 sizes, reusable letters, 
nbers you trace, cut on adhesive vinyle, 
k to surface. Anyone can. We show you 
; Professional results guaranteed. Vinyle 
up to 100 signs. Pays itself 1 sign. Kit $99 
JAVINENRG, CP882, Sutton, Canada 


SY Work! Excellent Pay! Assemble 
ducts At Home. Call 504-649-0670 Ext. 


URCHASE Stocks Discounted Without 
missions $9.95. DRPFINANCIAL, Box 
72, Costa Mesa, CA 92627. 


tart а SUPER PROFITABLE BUSI- 
SS from scratch. FREE Subscription to 
xrtunit; razine tells how. Write Op- 
tunity, 6 N. Michigan, Chi- 
o, П 60602. 


ILLIONS IN UNCLAIMED FUNDS! 
nplete Directory $5.00. TEP, Box 1035, 
vport News, VA 23601. 


RICH EASILY $40,000 
ГАТЕ FOR $2,000. 250 POW- 
i$ for accumulating 
th. Become FINANCIAL GENIUS. 
luce Taxes. Send $19.95 + $3.00 s/h to: 
odore Woodard, Р.О. Вох 13001, Bal- 
ore, MD 21203. 


А) 


FORTUNE! Car insurance SE- 
ETS your agent never told! 
ARANTEED! FREE details Eagle, Box 
, PSI, Fairview, TN 371 


JUMPER: KER PRINTER. Cheap, 
ple, portable. Free details. Bumper, P. 
с 22791, (LLD), Tampa, FL 3362: 


NCOME DISCOVERY! Famous Ph.D 
ntist reveals high-income discoveries 
'one can use to achieve wealth. Free 

Samuel Murphy Associates, 310 
inister Rd., West Palm Beach, FL 


stn 
05 


MUSICAL INSTR. 


NTERNATIONAL VIOLIN COMPA- 
‚ tonewood, tools, varnishes, parts, acces- 
ies, strings, cases, instruments, bows. Vi- 
куат kits, Catalog $1.00. Dept. PS, 

|. Belvedere Ave. Baltimore, MD 


53 
OF INTEREST TO ALL 


{OLD CREDIT CARD GUARANTEED 
PROVAL. NO BANK DEPOSIT NEC- 
SARY. CATALOG SHOPPING USA 
LD CARD 1-800-889-7774 


NEED CREDIT? We'll give you a $5,000 
credit card regardless of credit history, bank: 
ruptcy or credit problem! 98% 
eligible. No bank deposit req 
check. Free detai 
FC215. 24 Hours 


HEARING AIDS 


required. No nee 
304-776-5671 Ext. 


ENJOY HEARING 


All-in-the ear Hearing Aid! 
Nothing over, under or 

the ear. . . no cords, tubes or 
wires. Simple slip-in fit. Full 
range volume control. 45 di 
tial. NO salesman will call. 
Order your free cat 


Rhodes Hearing today’ 
or call 24 hrs/ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12A Brookport, IL 62910 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
"Terms Arranged. Llo EAF D AR IL 


HEARING AIDS 


Q 


Ё SUPER SAVINGS! Newest. Finest, All 


types, Buy DIRECT & save up lo HALF! 
No salesmen. Sold by AIR MAIL on HOME 
TRIAL. FREE Catalog. Write’ 


MONEYSAVERS. 
Dept. PS1D 


9530 Langdon Ave. 
Sepulveda. Cal. 91343 


KITES 


rKITES 


FREE COLOR CATALOG 
саат ose 100 ees 
Муны YR ваа 
[^ie iiia ed: 

1 into The Wind - (0) 449.5356 Ш 

408-P Pearl St., Boulder, CO 80302 
ү 


MAILING LIST 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive labels. 200/$8; 500/$11; 
1,000/$18; 2,000/$29; 5,000/$59 QUALITY 
LISTS, Box 1305-CW, Seaford, NY 11783. 
VISA/MC/COD, 800-356-6392. 


'OLLECT INTEREST from two banks 
same money at same time. Learn loophole 
$9.99 С.Р. Box 530, Inlet. SC 295 


JOW RECEIVE (WHATEVER) PROP- 

LY REQUESTED. $2.00 (STAMPED 
'ELOPE). A'NARDO, BOX 180343, 
LLAS, TX 75218. 


ICCULT COURSES. Write School of 
xa, Box 1502-POC, Newbern, NC 28560. 


IAKE Millions With R.U.G.A.T! Send 
To: Ie P.O. Box 49803, Chicago, IL 


FIRST ORDER, “TRIPLED FREE"! Op- 

rtunity seekers! Computerized, adhesive 
labels. 200/$8; 500/$14; 1,000/$25; 
2,000/$39: 5,000/$75; 10,000$139. LIST- 
MASTERS, Box 750-WK. Wantagh, NY 
11793. Visa/MC/COD call 800-356-8664. 


NEW ACTIVE NAMES!! 
MIXED STATES! IMMEDIATE SHIP- 
MENT! Adhesive Labels-Hot Line Oppor- 
tunity Seekers, 200/$10.00; 500/$15.00 
1000/$25.00. Others. Advon Drawer B6, 
Shelley, ID 83274, Visa/MC/AmEx. 
1-800-992-3866. 


LLEGE MONEY 
WA Free Scholarships Granta Details 
FACT, Р.О BOX dis, FORDS, NJ 


IESSIAH PROMISED LIFE TO THE 


г" to: Schizophrenics Internation- 
.O. Box 50456, Ft. Worth, TX 


RESULTS! Guaranteed! Opportunity 
Seekers On P/S Labels. 200/$8; 500/$12; 
1000/$20. Immediate Shipment! Compulist, 
Box 1476-P, Aliquippa, PA 15001. 


OFFICE EQUIPMENT 


VOICE MESSAGING SERVICE with а 
number your customers and friends can re- 
member (TEL-SEND) call now for demon- 
stration! 1-800-TEL-SEND 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. Es- 
tablished 1934. We buy Gold, Silver, Plat- 
inum, Diamonds. Highest Cash. Free infor- 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 


PATCHES/DECALS/BADGES 


U.S. MILITARY INSIGNIA: Catalog 
Saunders, Box 3133-PS, Naples, FL 
33939-3133. 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014. (212) 929-2293, 


PERSONAL 
MERBS—YOHIMBINE, PAU D'Arco, 


and others. Catalog $1.00 (refundable). Jude 


Herbs, Box 563PS, Huntington Station, NY 
11746 


PLANS & BLUEPRINTS 


JACOB'S LADDER action toy plans. 
Great stocking stuffer. Call 1-(718) 
835-9694. 


PLASTICS 


CASTOLITE Liquid Plastics. Ci а! 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing, re airing and reproduc- 
ing with our Mold M: Jupplies. Catalog 
$200. CASTOLITE, Dept 90А PS, Box 391, 
Woodstoc! 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 


REAL ESTATE 


/ANDONED iRTY! Inform: 
tion $1.00. Ridgehaven, P.O. Box 849-PS, 
Glenellen, CA 95442. 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


SAVE thousands by cutting years from 
your mortgage. For instruction booklet send 
$7.50 to: Advisors, 8877 Strausser St., Mas- 
sillon, Ohio 44646. 


ILD YOUR DREAM IN COLORA- 
ро» Build your cabin from your own trees. 
Create a pond from Crystal Clear Water. 
Harness Solar Energy from over 300 days of 
unclouded sky. 35 Acres from $19,900. Low 
Down—Easy Terms. Free Brochure—Call 
Today 1-800-383-0583. Patten Land of Colo- 
rado Corp. 


CALIFORNIA. Acreage. Lots. $40 down. 


$40 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


SATELLITE TV 


Plus upgrades for present owners: 
Receivers, IRD's, movers, LNAS, 
LNB's. Feeds. 6 to 16 dishes & 


Ku equipment 
Names Like — 
Chaparral, Uniden, Drake, 

e Houston, Channel Mi 

M~ 800-334-6455 
à SKYVISION INC." 
COLLEGE WAY 

TERQUE FALLS, MN 56537 


INSTALL OR UPDATE YOURSELF! 


VIDEOCIPHER Build your own low cost 
Videocipher П. Operate without subscrip- 
tion. Kit includes simple step by step in- 
structions, Parts list and circuit . Only 
$55.00 U.S. Check, M.O. to: CA Comeau, Box 
1327, Halifax N.S., Canada ВЗК 5H4. 


FREE Catalog 36 Pages. Major Brands. 
Nobody undersells WEST—Since 1977. 
(800) 222-9064 


SATELLITI TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $2.00. 
Jansen Electronics, Р.О. Box 25161, Seattle, 
WA 98125. 


How DoYou Know 
When Your Numbers Up? 


HOMEOWNERS уоште being robbed 
Find out how. Call 609-835-2324. Message. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds ча Easy terms. 
FREE brochure. NATIONAL ASSOCI- 
ATED PROPERTIES, 1111-PC Sherman, 
Coeur d'Alene, ID 83814. (208) 664-8161. 


GOVERNMENT give away 
homes for $1.00! Call for in 
1-708-742-1142 Ext. R-4606. 


SAVE THOUSANDS ON SELLING 
YOUR HOUSE OR CONDO YOURSELF. 
With easy to follow guide and kit. Including 
how to deal with realtors. $6.00 includes 
S&H. Make checks payable Carol Enter- 
rises, 4828 W. 148th St., Suite 4500 Mid- 
lothian Illinois 60445 


GOVERNMENT HOMES from $1 (U re- 
pair). Delinquent tax property. Reposses- 
sions. Call 805-687-6000 Ext. GH-20025 for 
current repo list. 


MONTANA 


Trees, Creeks and Wildlife, 20 QUALITY acres 
land up). close to Yellowstone Park. starting at 
57.450. Easy Owner Financing. Guaranteed Ac- 
cess, Warranty Deed. Insured Title. Free Brochure. 
Rocky Mountain Timberlands 
333 Haggerty Lane Ө Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 e (406) 586-8088 


Call Toll Free 


rograms, 
formation! 


The number we're talking 
about is your cholesterol num- 
ber. If it's.high, you may pe at 
risk for a heart attack. Without 
even knowing it. 

So find out where you 
stand. Because there are ways 
to lower high blood cholesterol 
and reduce your risk. 

Know your number. Have 


your blood choles- 
terol level checked, i 


National Cholesterol 
Education Program. 


National Heart, Lung and Blood Institute. 
Nahonal Institutes of Health, Public Health Service. 
US. Department of Health and Human Services. 


POPULAR SCIENCE 


JANUARY 1990 | 101 


d POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART Order 
WORD COUNT: Each word or initial in name and address must be counted as a word: John E. Jones, 345 East Main 
$9.80 PER WORD | St. counts as SEVEN words. P.O. Box 3 counts as THREE words. City, standard 2-letter state abbreviation and zip 
10 word minimum code together count as TWO words. i | 
BOLD FACE CAPS DEADLINE FOR ADS: See head of classified section. 
add $1.00 a word TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


is enclosed to cover 


TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 
Г1 Remittance of $. 
Г] CHARGE to: 


insertion(s) in the 
Exp. Date 


issue(s). 
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SATELLITE TV Con 


VIDEOCIPHER П SCHEMATICS 
Complete Set (Audio & Video Parts List) 
$14.95. The Stage Door Video, P.O. Box 576, 
B NC 28714. 


1 


VIDEOCIPHER Decoders, Catalog $4.00. 
‘Skywatch-PS, 238 Davenport, Toronto, Can- 
ada M5R 106. 


SCIENCE & CHEMISTRY 


225 PAGES: 1988 Glassware, chemicals, 

uipment, books, experiments. DINO- 
SAURS and charts! Most comprehensive cat- 
alog offered by anyone in this column. Estab- 
fished 1970. $3.00(US) REFUNDABLE. 
Analytical Scientific, 11049 Bandera San 
Antonio, TX 78250. (512) 684-7373 VISA. 


1909 CATALOG, 200 pages. Chemistry, 

Biology, Physical & Earth Science, Nature, 

Dinosaurs and much more. Beginner to pro- 

fessional, $2.00, Merrell Scientific, 
Buffalo Rd., Rochester, NY 14624. 


CHEMICALS AND LAB EQUIPMENT. 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Micro- 

Scopes available. Send $5.00 for catalogue. 
Ghem Lab, 1060-С Ortega Way, Placentia, 
CA 92670. 


“EXPERIMENTERS” LABORATORY 
CHEMICALS-GLASSWARE. Catalogue 
$1.50. Established 1953 Hagenow Laborato- 
ries, 1302 Washington, Manitowoc, Wiscon- 
sin 54220. 


ANATOMICAL Products Catalog 240 
ae ACC, 8221 Kimball, Skokie, IL 


STAMP COLLECTING 


FREE STAMP CATALOG—Complete 
with all the ins on stamps and 
related empties Ye Yours FREE when request- 
ing approvals, Buy only what you like— 
Return the rest, Please specify U.S. or For- 

Catalog. Falcon Stamp Company, Dept. 
'10PSF, Falconer, NY 14733-0300 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734. Man- 
sfield, OH 44907. 


YOUR NAME — n PHONE 

FIRM 

ADDRESS 

civ STATE 21Р 
DATE: YOUR SIGNATURE 


(PLEASE PRINT OR TYPE COPY ө FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) 


a p SS SS E 


PS 1/90 


FREE, U.S. Mint Set. meu 
Hildebrand, Box 4867, Sea fara, С 
95054. 


SMALL FOUNDRY Furnace Supplies. 
Free Literature. Pyramid Products, Dept. M, 
3736 South 7th Avenue, Phoenix, AZ 85041. 


205 UNSORTED foreign stamps 25e. Aj 
que White, Box 999-EB, Dunedin 


FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 


FREE! Mystery Selection With Approv- 
als. Starhawk, 5023 Madison, Spokane, WA 
99205. 


1,000 STAMPS, $2.95. ned 
worth over $30. at standard cata] 
Money back if not delighted. ‘Approvals 
Kenmore OM-088, Milford, МН 


IONS 3 Mint Sets, 250. 
caret РОВ ТЫР Lake Placid, Florida 


DISCOUNT 5 juest Countries, 
Free List. IVA, ‘Bow 1 197-B. Hanford, CA 
93232. 


LIQUIDATING Tremendous Old Accu- 
mulation. Bargain List Free. Alatalo, MA 
01754. 


GET CASH FOR USED STAMPS. $2 
TO: KYAW TIN, 1274 BELFAST AVE., 
COSTA MESA, CA 92626. 

PENNY Stamp Approvals. Regardless 
CIR G „С. T ami 4164 52nd St., San Di- 
ego. 05. 


-— SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialista. 60-15 Woodside Ave- 
nue, Wo 


INCORPORATE without Legal Fees! 
Free Booklet Tells жа чи 'orms Call 
Now: (500) 345-СО! 


SONG WRITER 


POEMS—SONGS WANTED. Free 
Publishing/Promotions. Bene Music, 
Box 7438-PS, Sarasota, FL 335 


TOOLS & MACH 
4' METAL Cutting Lathe $114 25. Taig, 


15048 Proctor, Industry, CA 91746. 


“SHARPENERS REPORT" Monthly 
Newsletter. Тї urces—Used Equip- 
ment. FREE Brochure. SKOG Companys 
Dept. PS-1, PO 22559, Minneapolis, М! 
55422. 


LATHES — MILLING MACHINES 
|ACHINI TOOLS 


IE SHOP SUPPLIES — 


Box 536-PS Hurricane, WV 25526 304-562-3538. 
Unimat + Compact» Maximat + Myford * Sherline * Alas * Jet 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders. 


soirs. SCREWS, TOOLS, WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 


$1 00 (refundable). Camelot, Dept. 33, 
65, Bristol, Wisconsin 53104. 


513-322-0562 


CAMPBELL TOOLS COMPANY 
Springfield, оме 


2100? Selma Road, 


TOBACCO, PIPES, CIGARS 


TOBACCO! red Stacker, 
pler. Write, Fred Stocker 
nessee 382: 


imoking Sam- 
inc., Dresden, Те 


VIDEO EQUIPMENT 
AL МОУ STABILIZER. 


RENT) 
Connect between VCRs or to monitor. 
$69.95. 1-800-367-7909. 


NATURIST es no Sase. PS, E 
9296, Newark, DI 4-9296. 


MICROWAVE TV RECEIVERS 
18 to 27 GHz 


pn mooy wr 
т, AL fon 


VISA/MC/COD mam sum: тае на 


- SAVE Hundreds on Kenmore Whirl 


Dryers. Complete Step b; VHS 
Reveals бом У ер 


(PS1) Toledo, OH 43605 (1-800-828-047. 
WINEMAKING 


WINEMAKERS-BEERMAKERS- 

Free Illustrated C: я 

Large Selections Vio Mantercard-(81 

254-0242 KRAUS, Box 7850-N, Indepd 

dence, Missouri 64053. 
WINEMAKERS—Beermakers Free Ci 
slog, Low Prices Free Recipes, Celler, E 

Seattle, WA 98133. 


WATER PURIFICATION | 


DRINK PUREST WATER! Home I) 
tillers. Discount Prices! 800-874-902 
WATERWISE, Box 45981, Center Hill, | 
33514-0459. | 


WEARING APPAREL | 


AVIATION T-Shirts. Discount Price 
Catalog $1.00 (Refundable). Sigma, 96 
Mission Gorge Rd, $6340, Santee, ( 

1. 


TREASURE FINDERS 


VIEW TV MOVIES VIDEO IN 3D thru 
the wundr vu stereoscope $20.00. 
WUNDR VU PO. Box 123D Bellwood Ili 
60104 


FIND Old Coins, Jewelry, Gold шг 
New Patented Revoluti ћ 
Catalog. Gardiner pecie КТЕП 
35th Ave, Suite K, Phoenix, AZ 85017. 
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Product Information 


ADVERTISEMENT ани 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


comipanies. The coflvenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


101 Conversational Computing The Voice 
Computer from Advanced Products & Techno- 
logies is a hand-held speech input and output 
computer that can be trained to recognize 
spoken commands and respond with a spoken 
voice. This system presents new information- 
processing opportunities for business, educa- 
tion, professional, entertainment, and personal 
needs. Free 


102 Video Intercom The Video Sentry from 
Airphone allows anyone home alone to see and 
talk to visitors before admitting them. The 
""Doorbell" unit has an intercom and infrared 
CCD camera to see at night. It's easy to wire 
and install. Free 


103 Thousands of Items American Design 
Components offers a catalog full of electronic 
and electromechanical components, plus a line 
of computer parts and peripherals. It's de- 
signed for the tinkerer, hobbyist, technician, 
and engineer in mind. Free 


104 OutdoorStorage Literature from Arrow 
Group Industries describes the latest in out- 
door storage. Featured are steel and wood de- 
signs as well as children's playhouses. Also 
included are helpful storage, planning, pur- 
chasing, and creative storage-usage tips. $1 


105 Radar Detection А Bel-Tronics brochure 
explains Ka Band photo radar equipment. 
Some of the questions addressed: Is photo ra- 
dar legal? Is photo radar the only type of equip- 
ment that can be used at Ka Band? Free 


106 Truck Headrest Airhead from Common 
Sense is a new protective air-filled headrest 
for light trucks. Airhead provides comfort and 
safety and removes easily for use as an extra 
cushion for all activities. It's available in many 
attractive see-through colors. Free 


107 Personal-ComputerTips In its detailed 
color brochure, CompuServ describes how to 
obtain access to America's largest information 
service. Its data banks include an encyclope- 
dia, news wires, and financial information. Free 


108 Instant Insulation А brochure from Con- 
venience Products describes its Touch 'n Foam 
all-purpose sealant and insulator, which fills 
small and large cracks, stopping air infiltration 
and leakage, and creating an effective barrier 
to air, moisture, sound, dust, and insects. $1 


109 Kit Furniture Craftsman's Corner's Clas- 
sic Oak kits offer roll-top desks, file cabinets, 
dining room and bedroom furniture, plus oak 
accessory kits at affordable prices. Limited 
woodworking skills required. $1 


110 Rocks Around the Clock A brochure 
from the Edison Electric Institute details an 
innovative electric heating technology called 
electric thermal storage technology. The bro- 
chure describes what the technology is, how 
it heats a house, and tells how the homeowner 
benefits with lower electricity rates. Free 


111 Hobbyist Catalog , Edmund Scientific's 
80-page catalog contains over 1,200 products, 
including telescopes, magnets, weather instru- 
ments, high-tech toys, fiber optics, and ideas 
for science-fair projects. Free 


112 Landscaping The Home Landscape 
book from Home Planners offers 55 beauti- 
ful, professionally designed front- and backyard 
landscapes. Each design is backed by a com- 
plete set of construction blueprints and re- 
gionalized plant lists. $11.95 


113 Unusual Items The “Things You Never 
Knew Existed” catalog from Johnson Smith 
Co. contains over 1,800 hard-to-find novelties, 
hobby and sports equipment, scientific and 
electronic items, and gag gifts. Free 


= FILL IN COUPON AND MAIL TODAY = 


POPULAR SCIENCE Р.О. Box 1695, Riverton, N.J. 08077-7295 
Nolo: POPULAR SCIENCE New Jersey address is for Product information опу. 


Please send the items checked below. | am enclosing $1 handling charge (any 


114 Outdoor Clothing The spring catalog 
from L. L. Bean features active and casual 
wear, spring sports equipment, as well as fur- 
nishings for home and camp. L. L. Bean pays 
all postage and offers toll-free telephone serv- 
ices. Free 


115 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains time- 
saving tips and how-to instructions. Learn how 
to beautify and protect new wood and restore 
old wood to its original beauty. Free 


116 GasLogs A full-color four-page brochure 
from Portland Willamette describes its new 
Ultra Fyre fireplace gas logs. Ultra Fyre logs 
are molded from actual pieces of wood and 
are precisely designed for subtle realism. These 
logs cost less to burn than wood. Free 


117 Wood-Burning Stoves Experience the 
warmth of wood without the hassle with a 
Whitfield Advantage |! pellet stove from Pyro 
Industries. The pellets are made from lumber 
industry waste, an environment-conscious, 
easy-to-use fuel. Free 


118 Wood Refinishing The color guide from 
United Gilsonite Labs offers tips on wood 
finishing, refinishing, and special stain effects. 
In addition, this guide provides how-to infor- 
mation for all phases of the wood-finishing 
process. Free 


119 Gas Savers U.S. Auto-Tech's catalog 
features innovative products designed to save 
Bas, increase engine and car life, and main- 
tain high-performance motoring. Featured are 
the famous Slick 50 and Bardahl products. 
$1 


120 Woodworking Supplies The 25th-anni- 
versary catalog from the Woodworkers' Store 
features hardwoods, veneers, wood parts, spe- 
cialty hardware, kitchen accessories, finishing 
supplies, tools, books, and plans. $1 
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Looking Back. - 


Sampling a century of POPULAR SCIENCE 


JANUARY 1965 

“At long last, that contro- 

versial Wankel engine, 
YEARS AGO With no pistons and no cyl- 
inders, is in production and actually 
powering automobiles. 

“This is the engine that drew sly 
guffaws from official Detroit when 
Popuar Science featured it on the 
cover in March 1960. It would never 
work, they said. Today Ford is reported 
to be testing a Wankel in a Galaxie, 
and both General Motors and Chrysler 
have Wankels on test stands. 

“A Japanese company, Toyo Goygo, 
has been licensed to produce it. So has 
Italy's Alfa Romeo; and France's Ci- 
troén has a joint arrangement with 


36 lenses, a new aid in fit- 


YEARS AGO ting eyeglasses can repro- 
duce more than 61,000,000,000 differ- 
ent prescriptions. Heretofore it was 
necessary to slip different lens com- 
binations, by hand, into a specta- 
cle frame until a satisfactory pre- 
scription for the wearer was 
` found. The new device, called a 
phoroptor, is declared to perform % 
the same task in a fraction of the 
time with considerably greater 
accuracy. 
“As shown in the accompanying il- 
lustration, the completely self-con- 


JANUARY 1890 
“There is no more strik- 
YEARS AGO 


JANUARY 1940 


“Though it contains only 


ing difference between 
the inhabitants of the 
Eastern and Western United States 
than the degree of their familiarity 
with the word irrigation. The East- 
ern farmer irrigates his cabbage and 
tomato plants when he first trans- 
plants them. His wife irrigates her 
flowers. The city gentleman irrigates 
his lawn. But the idea of watering a 
whole farm—not a New England 
‘patch,’ but a Western ranch of from 
50 to 50,000 acres—seems a financial 
absurdity. 
“Equally incredible will seem farm- 


NSU, the German company that or- 
iginated the Wankel, to develop it 
further. 


ing without irrigation to the genera- 
tion now growing to manhood over a 
large part of the Pacific coast. To them 
it will seem an absurdity not to have 
the water as fully under your own con- 
trol as the land. 

“Irrigation is, perhaps, the most 
striking application of science to ag- 
riculture. You must know how to com- 
pute the mass of water that will flow 
through a ditch of a given size with a 
given fall. You must also know how 
much water will irrigate your partic- 
ular piece of land. 

“A good deal of California land has 
been over-irrigated. After a field has 
been irrigated for a few years it be- 
comes saturated, and its former sup- 


“At the Goodwood race track in Eng- 
land, I tried out an early production 
model of the little NSU Spyder road- 
ster with the 
unique rotary en- 
gine in the tail. I 
learned that the 
rev-happy Wan- 
kel delivers the 
goods when in full 
flight, but loses 
heart at the bot- 
tom end of the 
tachometer. 

“NSU has made 
about 1,000 Spyd- 
ers, and plans on- 
ly 5,000 in 1965.” 


tained apparatus is swung out by 
means of an adjustable bracket in 
front of the patient’s eyes for the 
examination. 

“By manipulating dials and knobs 
connected to the batteries of test lens- 
es, the operator can place an almost 

infinite number of lens combina- 
tions before the eyes with amaz- 

\ ing rapidity. 

| “An ingenious mechanism with- 

| in the instrument automatically 
adds up the individual lens pow- 
ers and records the total correction 

on an indicator" 

Today, many optometrists and oph- 
thalmologists continue to use this 
instrument to determine prescriptions. 


ply may be carried on to reclaim new 
deserts. How much a single river will 
reclaim can be vaguely guessed. Thou- 
sands of acres in the San Joaquin Val- 
ley have been placed beyond the need 
of further irrigation. The whole val- 
ley was once a desert. 

“Such giant schemes of irrigation 
must raise new questions of both civil 
law and political economy. If by going 
higher up the river or canyon your 
neighbor may divert and use the water 
you have depended on, he might as 
well be permitted to take your land 
also, for it is valueless without the 
water. Litigation over these water 
rights has already given the Califor- 
nia courts much to do." 
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| Leading Edge Radar Detection Never Looked Better. 


The New BEL VECTOR 3 


The new VECTC 


combines style, performanc 
ей Model 942 


While VECTOR 3's compact and well executed 
design can be confirmed by your eye, its performance 
advantage is confirmed by a number one rating in the most 
recent test conducted by Road & Track magazine: 


“Vector 3 maintains a BEL tradition of excellent 
sensitivity, posting the highest figures in this survey for 
both K and X band radar" Road & Track 


Making this accomplishment even more impressive is 
the fact that VECTOR 3 posted the highest K and X band 


sensitivity levels ever recorded in any radar detector test! 


VECTOR 3's top-rated performance is achieved by 
adapting a technology used in military satellite communica- 
tions. It’s called Image Rejection Technology’, or IRT". And 
through its use, VECTOR 3 is able to identify weak police 
radar signals that other detectors simply miss — a definite 
advantage for detecting Instant On or Pulsed radar. And 
when Instant On or Pulsed radar is encountered, VECTOR 
3 warns you with a separate audio alert. 


Unequaled in performance, 
VECTOR 3 provides 
another important advantage 
detection of Ka band police 
radar, now being used in 
both the U.S. and Canada. 
In addition, VECTOR 3's high quality and ergonomic design 
make driving with the world's most advanced radar detector 
easy, convenient, and reliable. With 
VECTOR 3, leading edge radar 


Laboratory Tests* 
Sensitivity. dBm/em? 


detection never looked better! oe 


Fully featured, VECTOR 3 
is $299.95 and comes with a one 
year warranty on parts and service. 
A remote version, VECTOR 3R, 
is also available for $319.95. 


To order, or for the name of 
a dealer near you, just call toll-free: 
1-800-341-1401 USA 
1-800-268-3994 Canada 
a= => 


New 3 band radar detectors for use in Europe are now available. Please inquire for 
more information: (Registered trademark of BEL-TRONICS LIMITED. 


The Technology Leader In 
3 Band Radar Detection. 


BEL-TRONICS LIMITED 
The Intelligent Choice 


WHY ТИНЕ CHANCES 
WHEN VOLI CAN GO WITH 
AC-DELCO ? 


Your саг a big investment. That's why it makes 
sense to keep it running the way it was made to run. 

With AC-Delco parts. 

They're engineered to match the performance 
requirements of your car. They don't just fit. They 
match. Dead on. 
= So why take chances? With AC-Delco, you 

don't have to. 
For the AC-Delco retailer nearest you, call us at | 
1-800-АС-ОЕ1СО. 


З b 20 
M 


GENERAL MOTORS CORPORATION 


RC-DELCO. THEY DON'T JUST FIT. THEY MATCH. 


LORILLARD, 1991 


ATTSof PLEASURE 
W KENT 
7 


3 gives you a Light with pleasure. 


| 


SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 


Light. Lighter. Lightest. 


F 


Golden Lights: 7 j “tan, ig. nicotine; Kent 111: 3 mg. “tar” 0.3 mg. nicotine av. per cigarette by FTC Method. 


mu a 3 
Kent: 12 mg. "tar" 03 mo. ш =. 
X 3 t 


Preserve = 
our World 


In concept it's simple: if you pack it in, pack 
it out. To make the trip easier Pentax 

makes the IQZoom 105R — lots of features, 
one compact piece of equipment. Use 
auto focus, auto exposure, and smart 
flash for point-and-shoot ease. Or emulate 
SLR performance through creative use of 
two macro settings, exposure compensa- 
tion, multi-exposure setting, time-lapse 
shooting, multiframe self-timer, and 
38-105mm power zoom lens. 


pentax ZOOM LENS 


1238 mm - (710977 


